REDACTLED

{In Archive} RE: CONTAMINATION OF WELL WATER

Jackson, David A (EEC) ic: Robert Olive, Baker, William (EEC) 107122011 09:36 AM
. Cc: "Barclay, Sally (EEC)", Fred McManus

Archive: This message is being viewed in an archive.

That is our usual procedure, but I will defer to Bill
Baker, Supervisor of the Bowling Green Regional
Office.

David A. Jackson, P.G Exemption 6 Personal Privacy
Geologist Supervisor Registered

Groundwater Section

Watershed Manangement Branch

Kentucky Division of Water

{502) 564-3410 ext 4932
Fax (502) 564- 9899

————— Original Message-----

From: OClive.Robert@epamail.epa.gov |
mailto:0live.Robert@epamail.epa.gov]

Sent: Wednesday, October 12, 2011 8:59 AM

To: Jackson, David A (EEC); Baker, William (EEC)
Cc: Barclay, Sally (EEC)}; mcmanus.fredf@epa.gov:;
Olive.Robert@epamail.epa.gov

Subject: RE: CONTAMINATION OF WELL WATER

David, Sally, Bill:

Thank you for forwarding to me the complaint from
of

sBowling Green, KY. Sounds like this could be a UIC

issue.

There are several ways we could handle this. If an
inspector from the

Bowling Green office is planning on loocking at the
situation, that would

be great. If they confirm that this is a UIC issue,
EPA will be glad to

step in and work with Bill's staff to address the
situation. Does this

sound appropriate?

Thanks.

Robert Qlive

olive.robert@epa.gov 404 562-9423

U.S. EPA, Region 4

Ground Water and SDWA Enforcement Section
Safe Drinking Water Branch

61 Forsyth Street, Atlanta, GA 30303-89%960



From: "Jackson, David A (EEC)"™
<bavidA.Jacksonfky.gov>
To: "Leon" <fergusonsl947@bellsouth.net>
c: "Barclay, Sally (EEC)}"
<Sally.Barclay@ky.gov>, "Nicotera,
Thomas (EEC)" <Thomas.Nicoteralky.gov>,

Robert

Olive/R4/USEPA/USEGEPA, "Baker, William
({EEC) "™

<William.Baker@ky.gov>
Date: 10/11/2011 03:12 PBPM
Subject: RE: CCONTAMINATION OF WELL WATER

Exemption 6 Personal Privacy

Dear

I am forwarding your e-mail to Ms. Sally Barclay our
complaints

coordinator, so that she can log this information in
as an official

complaint. Ms Barclay will likely call you if she
needs additiocnal

information. Once the complaint has been logged in,
somecone from our

office will be assigned to investigate the situation.

In addition I am copying Robert Olive at USEPA Region
4. Mr. Olive's

office permits underground injection control, or UIC
activities that

occur in KY, which the draining of stormwater into
the subsurface via

Class V wells would fall under.

If you could send us the physical address of the
location of your well,

we could begin the investigation while the incident
is being logged in.

Thank you, and if you have additicnal questions,
please feel free to
contact me anytime.

Sincerely
DAJ

David A. Jackson, P.G

Geologist Supervisor Registered
Groundwater Section

Watershed Manangement Branch
Kentucky Division of Water

{502) 564-3410 ext 4932
Fax (502) 564- 9899

From: -

Sent: Monday, October 10, 2011 12:52 PM
To: Jackson, David A (EEC)

Subject: CONTAMINATION OF WELL WATER



Hi, I am a concerned citizen that has a water well
and I am really concerned

about a potential problem that is happening in cur
neighberhood. I live at

ky. and a farmer 2 miles north of us is in

the process of establishing

a drainage system that will contaminate the water
supply for miles around. has

drilled severial water wells and is running drainage
pipes from a manhole inside

a 500 acre farm that will drain flood water that
stands in approx. 200 acres of

this field into the wells. Water stands in the feild
approx 4 months out of the

year and it accumilates after heavy rains when the
cave system fills up so the

water has no place to go. This property is located
on Three Springs road in

Warren Co. Please respond to my concern if this is
the proper place to help stop

this process. ThanKs

Exemption 6 Personal Privacy
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Exemption 6 Personal Privacy
S ’@ {In Archive} Re: Failing Septic Tank - PoJo's Truck Stop Register, GA
A Bijan Rahbar to: Robert Olive 12/18/2009 10:29 AM
History: This message has been replied to.
Archive: This message is being viewed in an archive.
Robert,

I guess you have talked to Brad too. He said he has
talked to you and he has given the owner 30 days to
address the problem.

Thanks, Bijan

>>> <0live.Robert@epamail .epa.gov> 12/16/2009 10:44
am >>>

Bijan:

called to report a
failing septic
system at PoJo's Truck Stop in Register, GA. The
truck stop is located
at Exit 116 off Interstate 16 at the intersection
with Hwy 301/25 N.
This is SW of Statesboro, GA.

Under previous owners, the truck stop used a pump
station to pump sewage

to an adjacent property where functiocning field lines
were located.

Under new owners, a new set of field lines was
installed at the truck

stop property. These field lines have been failing
to the surface and

impacting property.

Mr. Brad Wiggins (912-764-3800) is with the Bullcch
County Health
Department. I have not been able to get in contact
with him yet.

A quick solution may be for the Truck Stop to
reconnect to the old set
of field lines.

Robert Qlive

elive.robert@epa.gov 404 562-9423

U.S. EPA, Region 4

Ground Water and SDWA Enforcement Section
Safe Drinking Water Branch

61 Forsyth Street, Atlanta, GA 30303-8%60
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Septic System & Field Lines letter-95555 Crossville,Highway - Sparta

i

ET ) ‘-‘_] Tennessee
e Larry Cole to: Scotty Sorrells 09/13/2012 12:43 PM
Cc: Fred McManus, Becky Allenbach
From: Larry Cole/R4/USEPA/US
To: Scotty Sorrells <Scotty.Sorrells@tn.gov>
Cc: Fred McManus/R4/USEPA/US@EPA, Becky Allenbach/R4/USEPA/US@EPA

Scotty, the letter EPA received is attached dated September 3, 2012.

The letter is to the point and identifies the issue & possible address and has no contact information
except being written by a neighbor in the Sparta, Tennessee area.

Attached also after the letter, is a picture | pulled down for Google Maps of the area which could be the

newly constructed building that was referenced,
but the 9555 Crossville Highway address mentioned in the letter is different from the 9571 Crossville

Highway address which is mentioned
in the Google Map picture | attached. This is the only new construction | saw near this address in the

area, but I'm not sure how old this google-map is.

Please let me know if you find out anything, since this complaint could have also been reported to a TDEC
field office or the TN Department of Health.

Thanks,
Larry Cole

GW & SDWA Enforcement Section
404-562-9474

=

PossibleLocation9555Crossville TN.PDF



B boThe e | ¥ s . e .
O e - m Niw
x | . : y
o -
= =
. o B o
=1 Il i m am
- N I - Ex= || &=
I -.
=B = = = M e Teln m o P me
. T "“'E'ﬁ |
meiiTe e = M= B s = - 1 .E_ -l__.I Bk
- - m P - = - - =
- Tw m =T o RS e
I
= == E = m x- W “a 5 -1 =« e I - =
5 B - 1 5« ?ﬂ = =
' ' 1 - I
L] |1| I '
el
i -
P —t
- i-l
i 0 oo

=




August 30, 2012 L S N TP
o NnEDACTED

Enforcement

Exemption 6 Personal Privacy

We wrote to the E.P.A. previously regarding this Issue and to date there have not been any changes
made at this location. Please give this letter to someone who can and will do something about this.

old store building located at 9555 Crossville Highway in Sparta Tennessee.
then tore down the building and dug out the in ground fuel tanks.  then proceeded to put in new
tanks and bulld a new bullding. The problem is that  put in a septic tank in ground that dees not perk
and did not put in field line. An eye witness reports that  has ran the septic tank to a nearby small
stream.

When the old store was here water mixed with sewage sat on top of the ground. Since dug out
the dirt and replaced it with large rocks we know the problem will persist once he opens his new store
which = states will be within the next 6 weeks.

Mr. Bumbalough will do nothing about this since he was the one who gave the permits for land
that does not perk and has never perked.

There have been no changes to the septic system or field line. Would you please send someone out that
can and will do an actual perk test on this land and make sure that we don’t have to put up with sewage

waste again. Please.
Sincerely,

A neighbor



9555 Crossville Highway, Spatta Tennessee - Google Maps Page 1 of 1
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hitp://maps.google.com/maps?hl=en& gbv=2&safe=on&q=9555+Crossville+Highway,+Sp... 9/13/2012



9571 U.S, 70 - Google Maps Page ] of |

Address 9871 U.8.70
Addrens (0 appreximate

http://maps.google.com/maps7hl=en&gbv=2&q=9555+Crossville+Highway,+Sparta+Ten... 9/13/2012
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!_;_,,- Fw: Seeking UIC Program Assistance for Oil Seep in Amandaville ,
= Cumberiand County, KY

Ma to: marvin.combs 03/26/2012 10:45 AM
FYI!
—-- Forwarded by Fred McManus/R4/USEPA/US on 03/26/2012 10:44 AM —-
From: Carol Chen/R4/USEPA/US
To: Art Smith/R4/USEPA/US@EPA
Cc: Carol Chen/R4/USEPA/US@EPA, Fred McManus/R4/USEPA/US@EPA, Bill
' Mann/R4/USEPA/US@EPA
Date: - 03/26/2012 07:28 AM
Subject: Re: Fw: Seeking UIC Program Assistance for Oil Seep in Amandaville, Cumberland County, KY

Art, thanks for notifying me. | was not in Friday when you called. We definitely need to be there. Il call
the contractor and discuss and get back with you.

Carol 404-562-9415

Art Smith Carol, | left you a voice mall message a short wh... 03/23/2012 02:05:46 PM
From: Art Smith/R4/USEPA/US
To: Carol Chen/R4/USEPA/US@EPA
Cc: Bill Mann/R4/USEPA/US@EPA
Date: 03r23/2012 02:05 PM
Subject: Fw: Seeking UIC Program Assistance for Qil Seep in Amandaville, Cumberland County, KY %

Carol, | left you a voice mail message a short while ago. As you can see from the forwarded email
message below, | have traded emails with Bill Mann on this case.

1 am planning to go out to the spill site on April 2, and will be providing direction to the operator to increase
the injection pressure to see if the oil spill volume increases. If the there is a documented effect due to
increased pressure, the operator will have to cease injection of fluids into the well. Because the well is
permitted by EPA, | was hoping that you could send your contractor to chserve so that the UIC program is
in the loop.

Thanks.

~—— Forwarded by Art Smith/R4/USEPA/US on 03/23/2012 01:53 PM ——

From: Bill Mann/R4/USEPA/US

To: Art Smith/R4/USEPA/US@EPA

Date: 03/21/2012 01:30 PM

Subject: Re: Seeking UIC Program Assistance for Qil Seep in Amandaville, Cumberland County, KY
Art,

I'll dig up the monitoring reports and get them to you. Attached is a copy of the UIC Permit, The Statement
of Basis for the permit and other letters/forms that our section wrote, The permitted injection zone is
pretty deep. [f | can be of further assistance let me know.

Bill Mann
404-562-9452



[attachment "10 Public notice.doc" deleted by Art Smith/R4/USEPA/US] [attachment "12 Statement of
basis.doc" deleted by Art Smith/R4/USEPA/US] [attachment "UIC 15 Cover Page.doc” deleted by Art
Smith/R4/USEPA/US] [attachment "UIC 15 Part l.doc” deleted by Art Smith/R4/USEPA/US] [attachment
"Part Il 3-2007.doc" deleted by Art Smith/R4/USEPA/US] [attachment "11.doc" deleted by Art
Smith/R4/USEPA/US] [attachment "17-1 improved.doc” deleted by Art Smith/R4/USEPA/US]

Anrt Smith | got your name off of the internet as a Class |l U... 03/21/2012 01:16:08 PM
From; Art Smith/R4/USEPASUS
To: Bill Mann/R4/USEPA/US@EPA
Cc: 'Tooley, Johnny (EEC)" <Johnny.Tooley@ky.gov>, john.rogers@ky.gov, Greg
Powel/CI/USEPA/US@EPA
Date: 03/21/2012 01:16 FM
Subject: Seeking UIC Program Assistance for Oil Seep in Amandaville, Cumberland County, KY

| got your name off of the internet as a Class Il UIC contact. If there is someone assigned to Kentucky
who | should be in touch with, please let me know.

I'm a Region 4 OSC stationed in Louisville, KY. In June 2011, | was asked by KDEP to check outa
continuous oil discharge into Crocus Creek which is a tributary of the Cumberland River. There is active
oll production on the adjacent farm. See attached sketch for reference.

The active lease has a permitied injection well (UIC Permit #KY10891). | am interested in the most recent
Annuat Monitoring Report to determine if an increase in injection volumes during the summer months may
be an influence on the oil spill. We ran samples on the oil discharging to the creek and from a well
producing at the same interval where injection is occurring and they are a match.

Also, it appears as if this well was converted from a production well to an injection well at some point in
the past. If there records on when that occurred, please forward that information as well.

Thanks.

Art Smith, US EPA On-Scene Coordinator
Rm. 172A

Romano L. Mazzoli Federal Building

600 Dr. Martin Luther King Jr. Place
Louisville, KY 40202

voice: (502) 582-5161
fax: (502) 582-5268

[attachment "Figure - Oil Wells Quarter Mile_03.15.12.pdf" deleted by Bill Mann/R4/USEPA/US]



McManus, Fred

From: McManus, Fred

Sent: Wednesday, May 29, 2013 8:04 AM

To: ‘Combs, Marvin (EEC)'

Subject: Hart Oit, LLC Public Hearing

Attachments: Hart Oil Public Hearing Statement 5 14 13wc changes.docx

Marvin, my opening and closing statements are attached. Also, as you requested, the State Permit Number for the -
injection well is 102267.

Thanks and hope you have a good day,

Fred






Public Hearing
Proposed Termination of UIC Permit KYI0891 — Hart Oil, LLC

Assembly Room — Adair County Annex Building
424 Public Square, Columbia, Kentucky

May 30, 2013 - 6:00-8:00 p.m. CDT
Opening Statement:

Good evening and welcome! I am Fred McManus, Chief of the Ground
Water and Underground Injection Control Section, Safe Drinking Water
Branch, U.S. Environmental Protection Agency, Region 4 in Atlanta, Georgia.
Also attending from Region 4 is Wilda Cobb, Associate Regional Counsel, and
Jim Ferreira, Hydrologist/Geologist on my staff with responsibility for writing
Class II Underground Injection Control permits.

The hearing shall come to order.

EPA is conducting a public hearing today on the “proposed” termination
of the Underground Injection Control Permit KYI0891 under the authority of
Title 40 of the Code of Federal Regulations Parts 124, 144, 146 and 147. The
subject permit was issued to Hart Oil, LLC, with a business address of 399
Calvert Church Lane, Leitchfield, Kentucky. The subject permit is for the
conversion, operation, plugging and abandonment of the injection well, Chat
Chowning #3, located in Crocus Creek Field, Cumberland County, Kentucky,
with a Carter Coordinate of 23-F-51, 877’ FNL and 1,604/ FEL.

Comments and all other information received today will be considered by
EPA, Region 4 in making its final decision and will become part of the
administrative record.

Notice of this public hearing was published in a local newspaper, the
Adair Progress, located in Columbia, Kentucky on Thursday, April 18, 2013.



The Public notice was also mailed or emailed to other interested parties. The
purpose of this public hearing is to allow interested persons the
opportunity to make oral or submit written comments and provide any

other information on the “proposed” termination of the Underground
Injection Control Permit KYI0891.

For your information, I would like to provide the following background
information:

On December 30, 2008, the EPA issued a public notice of its Intent to
Issue UIC Permit No. KYI0891 to Hart Oil, LLC. The permit was issued on
February 11,2009. The EPA subsequently issued a public notice of Intent to
Terminate the permit in a notice dated December 11, 2012, for cause under 40
Code of Federal Regulations § 144.40 (2) due to the failure of the permittee
to disclose the presence of a fault or joint and fracture system in the area
of review, a potential source or migration pathway for contaminants into an
underground source of drinking water. The potential contaminants, that could
migrate into an underground source of drinking water, as a result of the
permitted activity, include benzene, a neurotoxicant which would endanger
human health and the environment.

Note that this hearing is being recorded by a video and audio recording
device. We will hold the transcript of the hearing as well as any written
comments and other information received as a matter of public record at the
EPA Regional Office in Atlanta, Georgia; this information will become part of
the administrative record.

Since this public hearing is being held more than 30 days after the Public
Notice was published in the Adair Progress, the public comment period will end
at the conclusion of this hearing.

Tonight's hearing is a formal non-adversarial hearing providing
interested parties with the opportunity to make oral comments and to submit
written comments on the proposed UIC permit termination. There will be no
cross examination of either the EPA staff or the commenters. Any questions



directed to a commenter from an EPA staff member will be for clarification
purposes only.

Any and all persons present and desiring to make oral or written
comments and submit other information will be allowed to do so. In order to
allow all participants time to express their views tonight, I ask that you limit
your comments to ten minutes. If you do not finish your comments in the
allotted time I will ask that you defer the remainder of your comments until
each person has had an opportunity to comment. Then, if there is time at the
end of the meeting we will give you an opportunity to finish your comments.

I will ask each person making a statement or submitting written
comments or other information to step forward when I call your name. I ask
that you state your name for the record, spell it if necessary, and state your
interest or the organization you are representing.

Before we proceed with oral comments and the submission of written
comments and other information, I would like to recognize any local or state
elected officials who would like to make a statement. (Pause, receive
statements from elected officials).

Now, we’ll proceed with the statements of registered persons who would
like to make comments and submit other information. As you come forward,
please remember to state your name, spell it if necessary, and state your interest
or the organization you are representing,.

Closing Statement:

I want to thank each of you for your participation in this public hearing.
As previously stated, the comments and other information received today will
be carefully considered and evaluated as we make our determination regarding
the proposed action. As previously mentioned, the public comment period
will end at the conclusion of this hearing. All those that made oral comments
or submitted written comments or other information by the close of this hearing
will have their names added to our mailing list.



I would like to ask everyone here who did not register before entering
the conference room, to please do so before you leave.

EPA will prepare a document known as a Response to Comments that will
describe and address the significant issues raised during the comment period.
The Response to Comments will accompany the final permit termination
decision for the Hart Oil, LLC UIC permit. Notice of the availability of the
Response to Comments and the final permit decision will be mailed or e-mailed
to everyone who commented on the permit termination.

Anyone who wishes to contest the Final Permit must file a petition for
review or appeal with the Environmental Appeals Board, also known as the
EAB. A couple of important things to remember if you are considering
appealing the EPA’s final permit decision:

First, the petition for review or appeal must be received by the EAB
within 30 days of the date the final permit decision is issued.

Second, only persons who filed comments on the proposed termination of
the permit during the public comment period, or who provided comments
during the hearing tonight may petition the EAB to review the final permit

“decision.

Third, any person seeking to review a permit decision must raise all
reasonably ascertainable issues and submit all reasonably available arguments
supporting their position during the public comment period, including this
public hearing. Issues or arguments that are not raised will not be considered

“by the EAB on appeal.

Thank you again for your participation. Let the record show that this
hearing is adjourned at CDT.




Florida Department of
Environmental Protection

Bob Martinez Cenier
2600 Blair Stone Road
Talluhassee, Florida 32399-2400

RECEIVED
May 3, 2010 MAY 0 3 2010
UIC PROGRAM

Mr. E. Stallings Howell, Chief
Safe Drinking Water Branch
US EPA Region 4

61 Forsyth Street, S.W.
Atlanta, GA 30303-8960

Dear Mr. Howell:

In July 2005, the Florida Department of Environmental Protection (Department) submitted a
position peper titled Permitting Increased Arsenic Levels at Aquifer Storage and Recovery
(ASR) Facilities to the US Environmental Protection Agency (EPA). The paper addressed the
conditions under which arsenic would be allowed to exceed 10 pg/L and included requirements
for preventing the human consumption of that water, The Department still believes that the
position paper addressed endangerment under Section 1421 (d)(2) of the Safe Drinking Water
Act. The Department never received a response from EPA,

Because concurrence with the position paper was not received from EPA, the DEP issued
Program Guidance Memo WRM/GW-(8-01 on April 11, 2008, that outlined the process for
regulating ASR facilities with increased levels of arsenic. The memo employed Department
permitting and enforcement procedures that were approved by EPA in Florida's Underground
Injection Control program submittal package. The Guidance Memo requires Consent Orders or
Administrative Orders be issued to ASR facilities that exceed or are reasonably expected to
exceed the arsenic level of 10 pg/LL in recovered water or at any monitoring well,

At the November 2009 EPA State Director's Meeting held in Guntersburg, Alabama, EPA
Region 4 suggested the Department resubmit a paper addressing non-endangerment for
reconsideration by Region 4, The Department offers the enclosed Non-Endangerment Proposal,
Permitting Aquifer Storage and Recovery Facilities with Increased Arsenic Levels, This
proposal is very similar to the original position paper; with changes reflecting data and
knowledge we have gained in the last 5 years of testing and operating ASR facilities,

Aquifer Storage and Recovery is an important tool in Florida’s water supply strategy, providing
a safe and secure alternative to the above ground reservoir for the storage of surface and ground
water, and reclaimed water, Without cost effective storage options the wastewater wtilities in the
state will need to dispose of reclaimed waters down Class | wells or to tide. Drinking water
utilities will need to draw on the finite water resources of the state. This strategy protects the



public health and provides 4 valuable water supply altettiative. We appreciate your considefation
of the eficlosed strategy and welcotie any suggestionis you ttiay have to make this work.

Sincerel

ichard Drew
Chief
Bureau of Water Facilities Regulation

RDD/dm

Enclosure



Non-Endangerment Proposal

Permitting Aquifer Storage and Recovery Facilities With Increased
Arsenic Levels

Issue

With the Tack of natural reservoirs in Florida for storage. and the growing demand for
water for drinking and other uses, aquifer storage and recovery (ASR) using the
aquifer as a water storage area is increasingly being explored. This paper examines
the issues of arsenic being found in the subsurface (not in the injectate) and
proposes solutions to aliow ASR to be permitted by requiring stringent controls to
protect the ground water as a drinking water source and to protect public health.

Every ASR project in Florida is required to meet the primary drinking water standard
for arsenic of 10 pg/L. (lowered from 50 pg/L in 2008} in its injectate. However, even
though the water being injected meets the arsenic standard, the quality of the
recovered water at the majority of ASR facilities has frequently exceeded the new
standard of 10 pg/L. during its testing and operation. Existing regulations do not take
Into account the water-rock interactions caused by injection and recovery operations.

Although not much arsenic data has been obtained from ASR storage zone monitor
wells at the older ASR facliities, the data obtained from recent ASR facilities indicates
that the duration of the exceedances for argenic in storage zone monitor wells is not
as long as that observed in the ASR well during recovery. Data indicate that
exceedances of arsenic at any given peint in the aquifer more than a few hundred
feet from the ASR well are minimal in both duration and concentration. In no case
has water with greater than 10 ug/L of arsenic been delivered by & utility to the public.

It is alsc believed that the increased arsenic leveis are transient in nature and will
decrease over ftime under consistent operating conditions. Existing recovery data
indicate arsenic levels in the recovered water are generally lower for fagilities that
have been operational for a ilong time, whereas increased levels usually oceur at
newly operational ASR facilities.

Applicable Regulations

ASR wells are permitted as Class V injection wells under the Underground Injection
Control (UIC) Program. These activities are governed by state and federal UIC
regulations and the Safe Drinking Water Act. The primary issue under these
regulations is the interpretation of endangerment to an underground source of
drinking water (USDW - generally ground water with a total dissolved solids content
of less than 10,000 mg/L}. The construction or operation of an injection well must not

endanger a USDW.



Proposal

The Department offers the following proposal to address endangerment. Arsenic
levels may exceed 10 g/l within the ASR storage zone under the following
conditions:

1. The ASR storage zone over the entire area of review (plus a 50% safety factor or
one mile, whichever is greater) contains a total dissolved solids (TDS)
concentration of 10,000 mg/L or more; ot

Onsite
2. A concentration of 10 pg/L 16 not exceeded at the property boundafy; or

Offsite

3.a. The ASR storage zone over the entire area of review containg a TDS
concentration of 3,000 mg/L or more and a Professional Engineer certifies that
the treatment necessary to render the natural water potable will also reduce the
arsenic level to 10 ug/L or less, or institutional controls are in place that prohibit
the construction of new drinking water wells used to withdraw water from the
ASR storage zone, and there are no existing wells used to withdraw drinking
water from the ASR storage zone within the area of review; or

3.b.The ASR storage zone over part of the area of review contains a TDS
concentration of less than 3,000 mg/L and institutional controls ara in place that
prohibit the construction of new drinking water wells used to withdraw water from
the ASR storage zone, and there are no existing wells used to withdraw drinking
water fram the ASR storage zone within the area of review; and

All Facilities

4. Any recovered water is retreated or blended as necessary to meet the federal
and state water quality standards applicable to the intended tige of the recovered
water.

The above requitements should provide adequate assurance that there will be no
pathway for human consumption of water that exceeds the 10 pg/L. MCL for arsenic.
This meets the non-endangerment requirements of both the UIC regulations and the
Safe Drinking Water Act.

Application to Aquifer Recharge Projects
The risk-based strategies contained in this paper may be applicable to aquifer

racharge projects, where water I8 injected to recharge an aquifer without recovery of
the same water. These projects may Include recharge of aquifers with reclaimed



water; salt water barrier Injection with reclaimed water, or recharge with surface water
in order to offset production of water from the same aquifer in another location. As
these projects are proposed and permitted, research will be necessary to determine
the best ways to establish guidance for potential arsenic mobilization issues.






PROGRAM GUIDANCE MEMO
WRM/GW-09

TO: Water Facllities Administrators

FROM: Janet G, Llewellyn, Director
Division of Water Resource Management

DATE: July 15, 2009

SUBJECT: Process for Regulating Aquifor Storage and Recovery Facitities (ASR)
with Increased Lovels of Arsenle

PURPOSE

The purpose of this paper 15 to outline the process for permitting ASR facilitles where
arsenic levels have exceeded or may exceed 10 pg/L, in either the recovered water or
monitoring wells, and the corrective action process when excoeding the standard.

ISSUE

The Underground Injection Control (UIC) program has seen a growing interest in the use
of Class V, aquifer storage and recovery systems in Florida.- It is an attractive solution
for the utility looking to expand its storage capability. Land costs ars minimal; security
costs associated with above ground storage tanks and reservoirs are greatly reduced; and,
the geology of many areas in the state allows viable recovery of injected water.

Federal and state UIC regulations require all injected water to meet primary drinking
water standards. One such standard, Arsenic (As), Is the focus of this guidance.
Bifectlve January 26, 2006, the federal primary drinking water standard for arsenic
decreased from 50 ug/L to 10 ug/L. The standard change, by itself, is not an lssue sinee
data hes shown water injeeted at all ASR eperations in Florlda maats the new As
standard; in fact, As i8 usuelly net even detected in Injected water, However, the water
recovered from many of the ASR faelllties In the state and, in some cases, ground watsr
in monitor wells in the ASR zone exceeds the drinking water standard of 10 pg/L. (I§

A H LLERY |
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Even though As concentrations Injected into the well are below the standard, the federal
regulations at 40 CFR144.12 (a) state:

No owner or operator shall construct, operate, maintain, convert, plug,
abandon, or conduct any other injectlon activity in a manner that allows the
movement of fluld containing any contaminant inte underground sources of
drinking water, if the presence of that contaminant may cause & violatlon of



any primary drinking water regulation under 40 CFR part 142 or may
otherwlee adversely affect the health of persons,

This is interpreted to meen that even if the arsenic is derived from the interaction
of injected fluids with the in situ geology, it is still considered to be a violation of
federal drinking water law,

BACKGROUND

Arsenle 1s a naturally occurring element preaent in some sulfide-boaring minerals found
In the aquifers uaed for ASR storage zones In Florida, Under the natural, low oxygen
conditions normally found In the ground watar, the arsenic remains bound In the rock
matrlx. However, In the more oxygen-rich water Injected for an ASR system, an
oxidative reaction is thought to cause arsenle to go Inte selution.

Sixtaen out of 33 ASR facilities injecting Into an Underground Source of Drinking Water
have collscted operational data on arsenic concentrations in a monitor well or In the
recoverod water. All sixteen of those facilities had one or more arsenic exceedance of 10
pug/L, with 10 facilities measuring at least one arsenic concentration of greater than 50

pg/l.

The Department's Florida Geological Survey (FGS) has conducted geochemical analyses
of rocks and ground water at a variety of ASR test sites throughout the state. The source
of arsenic has been identified as being released from the rock matrix upon the
introduction of injected water. The study is currently focusing on the mechanics of the

process.

In addition, FGS participated with a National Academy of Sciences workgroup to
develop a summary of rosearch efforts on the subject of Managed Underground Storage
of Recoverable Water. This report was completad {n Oatober 2007,

The U.8. EPA haa determined that ASR s a natlenal issue and not just speeifie te
Florlda. They have established a natlonal BPA werkgroup to develop a report deseribing
ASR praetices and probloms from a natlonal perspectlve. This roport has yat to be
finalized.

The results of these efforts may modlify the way ASR systems are regulated, but until
changos are placed into the Pederal regulations or guldance, we must assume that an
oxceedance in the recovered water or a monitor well (of a primary drinking water quallty
standard) ls a violation of the UIC regulations. Whete an exceadance is observed the
facility must take steps to come back into compliance.

One way this could be achieved is by pretreatment of the injectate to bring it into a
reduced state. Pilot projects will soon be started at the City of Bradenton, City of
Sanford, and Seminole County potable water ASR facilities to examine the effectiveness
of this type of pretreatment. A system is being built thet is designed to remove nearly all



of the dissolved oxygen prior to the Injection of water (a process called degasification),
The expectation is that the water with a low dissolved oxygen concentration will not
cause the release of arsenic from the arsenic-bearing minerals in the ASR zone, and that
ground water will not exceed the arsenic regulatory standard,

In addition, several utilities are proposing to inject low dissolved oxygen water from the
lower Surficial aquifer and upper Floridan aquifers into deeper portions of the Floridan
aquifer to examine if the process s sufficient to avoid leaching of the arsenic from the

formation into the ground water,
GENERAL PROCESS AND RATIONALE

An Administrative Order will be issued with a permit or upon permit renewal for
facilities that were either permitted or operating under a Letter of Authorization to Use
(LOATU) prior to January 26, 2006, If arsenic levels have exceeded 10 ug/L but have not
excoeeded the pravious arsenic standard of 50 pg/L in the recovered water or a monitoring

well,

Rationale: When a facllity has baen in compliance with its parmit (or LOATU)
and a standard changes an Administrative Order is the appropriate mechanism to
use at the time of permit ranawal to provide additional time for the facility to
comply with the nsw standard,

A Consent Order will be negotiated for any facility where arsenic levels have exceeded
50 pg/L in the recovered water or a monitoring well regardless of when they were
permitted or authorized to cperate under a LOATU,

Rationale: When a facility exceeds both an old and new standard, a Consent
Ordar (snforcement tool) is appropriate 1o get the facillty into compliance.

A Consent Order will be negotiated for facilities thet were permitted on or after January
26, 2006, if arsenic lovels have exceeded 10 ug/L in the recovered water or a monltoring

well,

Rationale: When a fuelllty axcaeds a new standard that Is specifiad in the permit,
a Consent Ordar (enforeement 1ool) is appropriate to gat the facility into
compliance,

Facilitles that are Implementing arsenic monitoring under a permit condition or LOATU
but have not detected arsenic exceeding 10 ug/L in the recovered water or a monitor woll
may continue operating under their current permit or LOATU.

Rationals: An Administrative or Consent Order is not nesded because there Is ne
violation,



When determining if an Administrative Order or Consent Order is needed, exceedunces
will be determined based on data that reflects recent conditions and trends regarding
arsenle conoentrations in monltor wells or recovered water,

PERMITTED FACILITIES

The flow chart In Figure 1 outlines the proeeas to be used for permitted faeilitles or
facilition applying fer a permit,

Facilities that are implementing arsenic monitoring under a permit condltion but have net
detected arsenic exceading 10 pg/L in the recovered water or a monltor well may
continue eperating under thelr current permit,

A Consent Order will be negotiated for facilitiss where arsenic has exceeded 10 g/l in
the recovered water or a monitor well. Facilities currently under & construction permit
will remain under & construction permit (xather than an oporation permit) until the facility
can demonstrate compliance with the arsenlc standard.

Pacilitios that have not bagun cycle testing, and therefore argenlc concentrations are not
known, may request an Adminlstrative Order theough & major permit modification.

Faclllties surrantly not monttoring for arasnle under a permit conditlen shall bs raquired
under 4 miner permit modifieation to sample for azernls In the rasevered waler and any
monltor wolls assoeiated with the facliity,

Paellitios that are implementing arsenle monitoring under a permit cendition (lneludlag a
miner permit modificatlon) but have not detscted arsenic exceeding 10 pg/L In the
recovered water or 8 monitor well may continue operating under their current permit.

An Administrative Order shall be issued at permit renewal for facilities where arsenle has
exceeded 10 pg/L but is less than or equal to 50 pg/L: in the recovered water or a monitor
well. However, there may be site-specific concerns that would necessitate reopening and
reissuing a permit with an Administrative Order prior to permit expiration. Site-specific

concerns would include continued increases in arsenic concentration, impact to an on-sits
drinking water source, or an arsenic exceedance of 10 pg/L. off-site (beyond the facility’s

property boundary),

A Consent Order must be negotiated for any facllity where arsenic has exceeded 50 pg/L.



FACILITIES CURRENTLY OPERATING UNDER A LETTER OF
AUTHORIZATION TO USE (LOATU)

The flow chart In Figure 2 outlines the process to be used for facllities currently operating
under a LOATU,

Facilities not monitoring for arsenic shall be required to initiate monitoring of the
recovered water and any monitor wells assoclated with the facility. No new monitor

wells will be required et this stage.

A LOATU shall be rescinded for any facility where arsenic has exceeded 50 ug/L in the
recovered water or a monitor well and the facility must obtain an operating permit and
negotiate a Consent Order.

A LOATU shall be rescinded for any facility where arsenic has exceeded 10 ug/L but
less than or equal to 50 ug/L in the recovered water or a monitor well and the facility
must obtain an operating permit with an Administrative Order. Thess facilitios may also
be required to Install additional monltor wells to determine the extent of the exceedancs,
Based on this monitorlng, the absence of ursenic exceadances may serve as a basis for a

reductlon in menitoring frequency,

Faoilitles not detecting arsenie exceeding 10 ug/L In the recovered water o a monltor
wall may eontinue operating under thelr LOATU.

ASR FACILITIES APPLYING FOR AN INITIAL PERMIT OR WHOSE
APPLICATIONS ARE NOT DEEMED COMPLETE (AFTER THE EFFECTIVE
DATE OF THIS GUIDANCE)

Now ASR facilitles spplying for an initial permit will be issued a construction permit and
shall be required to conduct cycle tests to detarmine if a potential for increased arsenlc
levels exists, A cycle test s an aquifer storage and recovery (ASR) sequence which
typically consists of three distinct phases of operation - an injection or recharge phase; a
storage phase; and & recovery ot retrieval phase - conducted for the purpose of testing the
ASR system to determine its geochemical and physical properties. If the facllity is
located in an area where existing hydrogeclogie data is not sufficient to target the ASR
zone or provide adequate ground water quality information, a facility may be required to
firat construct an exploratory well,

An Adminiatrative Order should be required with the construction permit when the
applicant cannot provide sufflclent Informatlen to demonatrate that arsenic will not
exceed 10 1g/L in the recovered water or a monlitor well. However, If the applicant
cannot provide reasonable assurance that arsenic will not exceed 10 ug/L off-site, the

permit ahall be denled,

If an Administrative Order 13 not required with a constructlon permit and ursenic is
detectad axcoading the 10 pg/L In the recovered water or a monitor well, a Consent Order



will be negotiated. Facllitles not exceeding 10 pg/L will be 1ssued an eperuting permit at
the end of the construetion and testing phase,

g%RPOSE AND PROCESS FOR ADMINISTRATIVE ORDERS AND CONSENT
DERS

Purpose of an Administrative Order

An Adminiatrative Order may accompany ths issuance or renowal of a permit in
accordance with Section 403.088(2)(¢) and (f), F.S. An Administrative Order allows, in
this case, an ASR facility to operate even if noncompliance with the argenic standard
should occur as long as steps (contained in the Administrative Order) aro established in a
sehedule for achieving compliance with all permit conditions. Interim limits, contained
in the Administrative Order, provide restrictions on the discharge until compliance is
achleved under the terms of the Administrative Order, An Administrative Order is used
when the Dapartment lacks reasonable assurance that the arsenic standard will be met, yet
has no direct evidence of a violation, or if a new effluent limit is placed in the permli and
the facllity must make changes to comply. The Administrative Order shull not be granted
for more than § years and colncide with the duratlon of the accompanying permit.

An Adminlstrative Order Ia no longer neaded when a permittee can mest all permlt
eonditions. The parmit may be medified to rernove all reforences to the Adminiastrative
Order, or if close to permit renewal, the renewed pormit will bo lasued without an
Adminlistratlve Order.

Purpose of A Consent Order

A Consent Order is an enforcement tool and is issued independent of a permit, and is
uaed when a violation of a permit or ragulatory limit has occurred. The Consent Order
outlines corrective actions necessary for the permittee to return to compliance. Like the
Administrative Order, tho Consent Order contains conditions to return the facility to
compliance or to cease operation within a time certain, While compliance is being
sought, the Consent Order includes conditions for the protection of public health.

The Consent Order should contain conditions that would be similar to those contained in
an Administrative Order, for example:

o Cyele testing to detarmine If & decrease in arsenle level will occur with
subseguent cycles

Evaluation of moniter plan adequacy

Pretreatment of the Injectate

Changes to operation procedures

Remaediatlen of the affected ground water such as withdrawal of the injected
water

Institutional controls to reatrict access to affected waters

Plugging and abandonment of the well if all elsa fulls



The Department shall notify by warnlng letter such ASR facllity that will be required to
obtain & Conssnt Ordsr In order to contlnue ASR operations. While it is recommended to
have the fasilities receiving 8 waming letter coase operation until a Consent Order ls
negotiated and in effeet, there may be circumatanees that warrant continued operation
durlng the negotiation process, The need (o cease operation until a Consent Order is
executed la left to the Department's discretlon. One example or reason for continued
operation would be where a pretreatment technology s being tested.

Process and Content of g Consent Order

The UIC rules require two separate public participation/notice steps. The first is the 30-
day comment period and opportunity for a public meeting on a draft Consent Order. This
step takes place before the consent order is proposed agency action, and is before the
Respondent has actually signed the order, but has agreed to its content. The notice to be
published by the Respondent in & newspaper of general circulation in the area of the
project is called the Notice of Draft Consent Order, This Notice shall be sent to the
Respondent for publication as soon as the Respondent agrees to the Consent Order, The
second step I5 the Florlda-only required 21-day period for a substantlally affected person
fo request a hearing on the proposed agency actlon. That notice to be published along
with the publication requlrements are part of the Consent Order,

For an extenslon of a permit lasued for loas than 5 years, the extension may be granted
but must contain a condition that the fastlity will make svery effort to negotlate and
finalize a eonsent order with the Department within one year from the date of the
extenslon, If the consent erder la not entered In that one-year period and there I8 no
legitimate reeson for the delay, tho Department will begin the permit ravocution process,

When a consent order is required, it must be entered before a permit is ronewad.

Duration of a Consent Order

Operation of an ASR facility which exceads 10 pg/L in the recoversd water or n monitor
well shall be allowed for a period of time based on the corrective action alternative(s)
proposed. The duration allowed under a Consent Order shall be negotiated with the
facility on a case-by-case basis, and shall be typically limited to the expiration date of the
facility's current permit with a posaible extension for an additional permit cycle.
Fecilities proposing corrective action mensures in addition to cycle testing to allow
arsanic levels to decreass may be allowed additional time to implement those measuros,
A Consent Order “ends” when Respondent complies with its conditions.

ADDITIONAL REQUIREMENTS FOR OFF-SITE ARSENIC EXCEEDANCES

Facllities with arsenic suspeeted or detected excesding 10 ug/L off-site shall be requlred
to take any actlon necessary to ensure non-endangerment to public health and safaty,



Any order izsued shall require the implementatien of & nen-andangerment sction plan that
shal} address the fellowlng:

An estimato of the vertical and lateral extent of assenle coneentration exeeeding
10 pg/L that may requirs the installation of additional monitoring wells.

A field-verified inventory of all water wells within the arca determined by best
professional judgment to include the area potentially affected by the discharge
plus a safety factor such as 50%, or a one-mile radiua, whichever ta larger (area of
review)

Provisions for alternate watsr supplies for water wells within the area of review
Measures that will be taken to remove off-gite contamination or risk-based
corrective actlon tho facllity will conduct under Chapter 62-780, F.A.C., including
Department-approved institutional controls in accordanes with the Divislon of
Waste Management's Institutional Controls Procedures Guidance, November
2004, to prevent the construction or use of water wells within ureas of eff-slte
contamination, The Department alao ahall acespt & locel governmont’s ordinance
a8 an Institutlonsl eontre] If that ordinance prohibits the construetion or use of
water wells within arcas of off-slte contamination.

The factlity may be required to sampla off-site wells identifiad within the area of
roview that withdraw from the storage zone

The Department will notify all property ownets of off-slie wells [lkely to exeead
the arsenic atandard

Attachments



McManus, Fred

From: Haberfeld, Joe [Joe.Haberfeld@dep.state.fl.us]

Sent: Thursday, February 28, 2013 1:15 PM

To: McManus, Fred

Subject: RE: Peace River Water Quality Criteria Exemption, Final Order

It appears to be March 2, 1984, although it covered only the first few wells. Numerous permits have been
issued for the rest of the wells.

From: McManus, Fred

Sent: Thursday, February 28, 2013 12:57 PM

To: Haberfeld, Joe

Subject: RE: Peace River Water Quality Criteria Exemption, Final Order

Also, when did FDEP Issue the original ASR Permit to Peace River Manasota Regional Water Supply Authority?

Thanks agaln,

Fred

Sent: Thursday, February 28 2013 12:53 PM
To: McManus, Fred
Subject: RE: Peace River Water Quality Criteria Exernption, Final Order

The other WQCE's wera Issuad for secondary standards, with color and odor baing most common. Aluminum and iron
have been includad a faw times.

From: McManus, Fred

Sent: Thursday, February 28, 2013 12:47 PM

To: Haberfeld, Joe

Subject: RE: Peace River Water Quality Criteria Exemption, Final Order

Thanks loal What dld you say the other WQCE’s were (ssued for?

Ered

From: Haberfeld, Joe [mallta: Joa. |d Fele k ]
Sent: Thursday, February 28, 2013 12:35 PM

To: McManus, Fred
Subject: FW: Peace River Water Quality Criteria Exemption, Final Order

Please take a few minutes to share your comments on the service you received from the department by clicking on this
link DEP Customesr Stirvey.

From: Haberfeld, Joe

Sent: Thursday, February 28, 2013 11:48 AM




To: 'Marsh.Nancy@epamail.epa.gov'
Subject: Peace River Water Quality Criteria Exemption, Final Order

Here you go.



McManus, Fred
e

_ __ ]
From: Haberfeld, Joe [Joe.Haberfeld@dep.state.fl.us]
Sent: Thursday, February 28, 2013 12:35 PM
To: McManus, Fred
Subject: FW: Peace River Water Quality Criteria Exemption, Final Order
Attachments: Peace River Signed Final 13.pdf

Please take a few minutes to share your comments on the service you received from the department by clicking on this
fink

From: Haberfeld, Joe

Sent: Thursday, February 28, 2013 11:48 AM

To: 'Marsh.Nancy@epamail.epa.gov’

Subject: Peace River Water Quality Criteria Exemption, Final Order

Here you go.



e



RICK 8COTT

FLoRIDA DEPARTMENT OF GOVERNOR
ENVIRONMENTAL PROTECTION JENNIEER CARROLL
BOB MARTINBZ CENTER L'T. GOVERNOR

2600 BLAIRBTONE ROAD
TALLAHASSBEE, FLORIDA 32369-2400 HERSCHEL T. VINYARD JR.
SECRETARY

ELECTRONIC CORRESPONDENCE
February 12, 2013

Patrick J. Lehman, P, E.
Peace River Manasota Regional Water Supply Authority
9415 Town Center Parkway

Lakewood Ranch, Florida 34202

i At ) Eha ] R Tt

RE: Final Order Granting 8 Water Quality Criterla Exemption to the Peace River Manasota
Reglonal Water Supply Authority, Peace River ASR Faoility, DoSoto County, Florida

Dear Mr. Lehman:

Enclosed is a signed copy of the Department's Final Ordor granting a Water Quality Criteria
Exomption from the groundwater standard for arsenic associated with Class V underground
injection control operation Permit Number 0136595-014-UO pursuant to Rule 62-520.500,
Florida Administrative Code (F.A.C.). The exemption is for the Peace River Manasota Regional
Water Supply Authority's Peace River Aquifer Storage and Recovery facility, DeSoto County,
Florida.

Please call me at 850/245-8655 or contact me at Joe. Haberfeld@dep.state. fl.us if you have any
questions or necd aseistance.

Sincerely,

%H«m«

Joseph Haberfbld, P.G.
Profvssional Geologlist
Underground Injection Control Program

JH/

Enclosures

widop.statefluy



Patrick J. Lohman, P. E.
Page 2
February 12,2013

ce:  Mike Coates, P.G., Peace River Manasota Reglonal Water Bupply Authority
Mark MeNeal, P.G., ASR-US, LLC
Cralg Varn, Manson Law Group
Mauryn MeDenald, DEP/Tampa
Rommy Lahera-Aument, DEP/Tampa
Betsy Hewitt, DEP/Tullghassee
Greg DeAngelo, DBEP/Tallahaasee
Jamos Alexander, DEP/Tallahassee
Blake Quillory, Southwest Florlda WMD
Ann Shortelle, Suwannee River WMD

wewdep state flus



STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

In re: OGC File No. 12-1802
Petition for Class G-Il Ground Water Desoto County
Quality Criteria Examption

Peaos River Manasota Reglonal

Water Supply Authority

Aquifer Storage and Recovery Facility

FINAL ORDER
GRANTING A WATER QUALITY CRITERIA EXEMPTION
The Department of Environmental Protection hereby Issues a Final Order
granting a ground water quality oriteria exemption for arsenic pursuant to Rule 82-
§20.800, Florida Adminlstrative Code (F.A.C.}, to the Peace River Manasota Reglonal
Water Supply Autherity (the "Authority”), 9416 Town Center Parkway, Lakewood Raneh,
Florida 34202, as get forth below,

BACKGROUND AND FINDING of FACTS
1. On August 20, 2012, the Department received a petition from the Autherity

for a water quality criterla exemption for an Installation discharging into Clase G-Il
ground water pursuant to Rule 62-520.500, F.A.C. The Installation is Authority's Aquifer
Storage and Recovery (ASR) wellfields, designated as Wellfleld 1 and Wellfield 2,
located at 8808 8W County Road 788 In Desoto County, Florida.

2 The Authority Is currently authorized to Inject potable water which has
received full traatment from the on-slte drinking water treatment plant to ground water

under Underground Injection Control (VIC) Operation Permit Number 0136605 -008-U0O

1



(Wellfield 1) and UIC Censtrustion Permit Number 01365606 -010-UC (Waellfield 2), and,
if issued, under future UIC Operatien Permit Number 0130685-014-U0 for Wellfields 1
and 2,

3. The Authority's petition requested an exemption from the ground water
standards contained In Rule 82-520.420(1), F.A.C., which are the same as the drinking
water standards in Rules 82-550.310 and 62-650.320, F.A.C. Spacifically, the patition
requested an exemption from the primary drinking water standards for the arsenic
standard of 0.010 mg/L. Thae petitlon requests that the ASR system be operated such
that the arsenic conoentration does not exceed 0.010 mg/L at the property boundary of
land owned by the Authority or at the boundary of easements granted to tha Autherity
by the Southwast Florida Water Management Distriot.,

4, The Department raviawed the Authority's petition for a water quality
criteria exemption and determined that the petition meets the six criteria for lssuance of
an exemption pursuant to Rule 62-520.500(1), F.A.C., as more fully described In the
Intent to Grant.

5. On Dacember 12, 2012, the Department signed an intent to Grant the
ground water quality oriteria examption for arsenic to the Authority under Rule 62-
520.500, F.A.C. A copy of the Intent to Grant |s attached as Exhibit |,

8.  On December 14, 2012, the Dapartment sent a cover letter and the
executed Notlce of intent to Grant, notifying the Petitiener of the Deparment's proposed
ageney aotlon and advlaing the Petitioner of the right to a hearlng purauant to ssctions

120.560 and 120.67, Florida Statutes (F.8.),



7. As required by the Intent to Grant, pursuant to section 403.818, F.S., and
Rulaes 62-110.108(7) and 82-520.500(3), F.A.C., the Petitioner published notice on
January 8, 2013, in the Chariotte Sun, a dally newspapar published In Charlotte County,
Florida, with genaral ciraulation in the facility area. A copy of the newspapsr notice and
proof of publication are attached as Exhiblt Il

8,  The Department published notice of the Intent to Grant on December 14,
2012, in the Florida Administrative Register informing the public of the Department's
intended action and offering an opportunity for hearing pursuant to sections 120.668
and 120.67, F.S. A copy of the notice is attached as Exhibit Il

9. The Petitioner and interested parties, having been advised of their rights
under Chapter 120, F.S., and having falled or deciined to file a petition pursuant to
sections 120.569 and 120,57 F.S,, are hereby deemed to have waived those rights.

IT IS THEREFORE ORDERED that the Peace River Manasota Reglonal Water
Supply Authority petition for an exemption from the drinking water standard for araenic
et forth in Rule 82-560.310, F.A.C., for the ground waters specified hereln Ia hereby
GRANTED, subject to these conditions:

(a) The ground water quality exemption Is being granted In part based on the
Department's understanding that the Petitioner's ASR operation will not present a
danger to the public health, safety, or welfare and will not result in any adverse
environmental, soclal, or economic effects.

(b)  The exemption Is granted for the duration of the Authority's UIC Permit
Number 0138695-014-UQ for ASR Waellfields 1 and 2, Future axemptions must be

petitioned for by the applicant in conjunction with a renewal of the operation permit or



another UIC permit for any other Injection wells at the facllity. The exemption extends
only to ground water elements of the Authorlty's UIC permit. The exemption will not
affect any discharge regulated under the Clean Watar Act to surface waters of the state,
nor will it alter any permit conditions related to surface water,

(c) The exemption provides relief only from the arsenlc standard contained In
Rule 62-860.310, F.A,C., a8 referenced In Rule 62-820.420, F.A.C. All other ground
water quallty standarde, including the minimum orlterla contained In Rule 62-820.400,
F.A.C., apply to this project.

{d)  The permittes shall manltor water quality In accordancs with the speoifie
gonditiona of the Underground Injestion Control Permit Number 0138565-014-U0, If
lssued.

A party to this order has the right to seek judiclal review of it undet section
120.88, F.S., by flling a notice of appeal under Rule 8.110 of the Florida Rules of
Appellate Procedure with the clerk of the Departmant in the Office of General Counsel,
Mail Station 36, 3800 Commonwealth Boulevard, Tallahagsas, Florlda 32389-3000, and
by flling a copy of the notice of appeal accompanied by the applicable flling fees with the
appropriate district court of appeal. The notice must be filed within thirty days after this
order 18 filad with the clerk of the Department.



DONE AND ORDERED this L";"'Lt‘iay of _Mﬁs?(_ 2013, in Tallahassee,

Florida.

STATE OF FLORIDA DEPARTMENT
OF NTAL PROTECTION

Mark P, Thomasson, P.E,, Director
Division of Water Resource Management
State of Florida Department of
Environmental Protectlon

2600 Blalr Stone Road

Tallahasses, Florida 32388-2400

FILING AND ACKNOWLEDGMENT

RILED ON THIS DATE, PURSUANT TO §120.82,
FLORIRA BTATUTES, WITH THE DESIGNATED
DERPARTMENT CLERK, RECRIPT QF WHICH I8
HER EDGED.

5 2-/’2-)!3

GLERK DATE

Coples furnighed to;

Patrick J. Lehman, P.E., Peace River Manasota Regional Water Supply Autherity
Mike Coates, P.G,, Peace River Manasota Regional Water Supply Authority
Mark MeNeal, P.G., ASR-US, LL.C

Cralg Varn, Mansen Law Group

Mauryn MeDonald, DEP/Tampa

Rommy Lahera-Aument, DEP/Tampa

Greg DeAngelo, DEP/APP

James Alexander, DEP/APP

Betsy Hewltt, DEP/OGC

Blake Guillory, Southwest Florida WMD

Ann Shortelle, Suwannee River WMD

Enclosuraa: (3)



EXHIBIT |

STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

In re: QGC Flle No. 121802
Pstition for Claas G-Il Ground Water Dasoto County
Quality Criterla Exemption

Peace River Manasota Raglonal

Water S8upply Autherity

Adulfer Storage and Recovery Faellity

The Department of Environmental Protection gives notice of its intent to grant a
ground water quality criteria exemption under Rule 82-520.600, Florida Administrative
Code (F.A.C.)., to the Peace River Manasota Reglonal Water Supply Autherity (the
“Authority”), 9415 Town Center Parkway, Lakewood Ranch, Florida 34202, as detailed
In its petition, OGC flle numbar 12-1502. The Department is lasuing this Intent for the

reasons stated below,

15 On August 20, 2012, the Department recaived a petition from the
Authority's representative, the Manson Law Qroup, for a water quality eriterla examption
for an installation discharging into Claas G-l ground water pursuant to Rute 82-520.600,
F.A.C. The petition coincided with the Authority's application for an underground
injection control (UIC) operation permit for its Aquifer Storage and Recovety {ASR)
weliflelds, designated as Wellfleld 1 and Waelifleld 2, located at 8688 SW County Road
769 in Desoto County, Florida. The Authority operates a total of twenty-two ASR wells,
Twenty of these wells, which Inject fluid into the Suwannee Limestone geclogic

formation, are Included In the exemption request; eight ASR welis in Wellfield 1 and



twelve ASR wells In Wellfield 2. ASR well T-1 is completed in the Tampa Formation
and ASR well AP-1 |s completed in the Avon Park Formation and are not part of thie
exemption request. The ASR wells Inject potable water, which has received full
treatment at the Authority's on-glte drinking water treatment plant, into underground
geolegle fermations for storage and aubsequent recovery. The Suwannee Limestone
geologlo fermation I8 part of the Floridan aquifer aystem |coated at depths of 800 to 980
feet below land surface in the vicinity of the ASR waells. This formation is considered a
Class G-Il aquifer designated for potable water use pursuant to Rule 62-620.410, F.A.C,

2 The Authority withdraws water from the Peace River to produce potable
water at its on-site water treatment plant. When thie potable water is injected and
stored within the Suwannee limestone formation It reacts with the native materiale of the
formation causing naturally occurring arsenic in the formation to go into solution. The
levels of argenlo sometimes exceed the 0.010 mg/l. ground water quality standard, but
such exeeedances are limited in areal extent to a radlus of a faw hundred feet around
the ASR wells. The Authority's petition requests an exemption from the ground water
gtandard for arsenio contained in Rule 62-620.420(1), F.A.C., which is the same &s the
drinking water standard for arsenic In Rule 62-660.310, F.A.C., having a maximum
contaminant leve! of 0.010 mg/L. The petition requests that the ASR system be
operated such that the arsenic concentration does not exceed 0.010 mg/L at the
property boundary of land owned by the Authority or at the boundary of easements
granted to the Authority by the Southwest Florida Water Management Distriot
(SWFWMD).



3,  The Depariment has permitting jurlsdiction for the ASR wellflelds under
Chapter 403 of the Florida Statutes. The project Is not exempt from these permitting
proceduras. The Departmant has dstermined a UIC permit {8 required for eperation &f
the ASR waliflelds,

4, The Authority Is eurrently authorized to Inject potable water, which has
received full treatment from the on-site treatment plant to ground water under UIC
Operation Permit Number 01368685 -008-U0 (Walifleld 1) and UIC Construction Permit
Number 0138685 -010-UC (Wellfieid 2). These permits expire on August 3, 2013, and
Dacembar 10, 2016, respactively. The Authority has applied for a single UIC operation
permit to cover injection and recovery operations at both wellflelds, and if Issued, will
suparsede the two permits listed above. The ground water quallty oriterla exemption, Iif
granted, wiil be incorporated Into the UIC oparation permit and will be valld for the
duration of said permit. Future exemptions must be petitioned for by the applieant In
gonjunction with a renewal of the operation permit or other UIC permits that may be
lasued for any other injaction wells at the facility. The exemption extends only to ground
water elements of the Authority's UIC permit. The exemption will not affect the
Authority's required compliance with Rules 82-550, 62-555, and 62-660, F.A.C,, related
to operation of Ita public drinking water system.

5. The Department has reviewed the above petition for an exemption under

the requirements of Rule 82-520.500, F.A.C., and Intends to grant the exemption to the

Authority based on the following findings:




The Autherity provides the majority of drinking water to persons residing withln ite
gervioe area in Charlotte, Sarasota, and Desoto counties, as well as the City of North
Fon, totaling over 280,000 peraons. Use of the ASR wellflelds reduces demand on the
fresh water resources In these areas. The Authority la obligated to provide up to 32.7
milllon gallons per day of drinking water to ite service area. Storing excess water
through the use of ASR welle allows the Authority to augment its potable water supplies
without increasing the use of the limited supply provided by the Peace River. Granting
the ground water quality criteria exemption for the Authority's ASR system wili assist the
Authority in meeting the demand for a rellable supply of drinking water at a reasonable

gost, while not adversely affecting the environment.

The injeoted potable water meets all ground and drinking water standards,

including areenlc. Arsenio is a naturally ooourring element in the minerals of the
Suwannee Limestone. Injected potable water Is high In dissolved oxygen, unlike the
native ground water in the aquifer which Is low in dissolved oxygen. Complex oxldation
and raduction reactione between the high and low dissolved oxygen waters cauee
arsenic contained in the aquifer minerals to go Into solution. Argenic levels that exceed
the 0.010 mg/L ground water and drinking water standard are often found In the water
that is recovered from the ASR wells and occaslonally in SBuwannee Limesatons
menitering wells, All water that I8 recovered from the ASR wells is returned to on-site
reservoirs, which hold Peace River surface water, These reservoirs have a combined

eapaaity of over six blllion gallens and therefore any elevated areenlo concentrations In



the recovared water are redusad threugh blending with Peass River water eentained in
the reservoirs. Watars within the reservoirs are sent to the Autherity's erinking water
plant for treatment, After traatmeant the potable water maets ail drinking water standards
and is distributed to the Authority’s customera. Levels of arsenie in water from the
Authority's distribution system have always been less than the drinking water standard.

Wellfield 1 has been in operation for over 25 years, and Wallfleld 2 has been in
operation for over 10 years. Monitoring conducted since the wellflelds have been in
operation show the area within the Suwannee Limestone formation, which contalne
elevated arsenic concentration s limited to a few hundred feet around each ASR well,
Monitoring welle located within the Suwannee Limestone at the propery boundaries
have never had levels of arsenic above 0.010 mg/L, demonetrating that slevated levels
of arsenic ramain within the Authority's property boundarles.

The SWFWMD granted the Authorlty two easements over SWFWMD-ewned (and
to allow for water resource development. No other antity may construct a wali or uge
any water resource within theee easements areas, The easements add an addltional
property buffer to the Authority-owned land, providing further assurance that any arsenic
mobliized will not impact other users of ground water In the area.

Based on water samples obtained during ASR well construction and testing, the
Suwannee Limestone formation has a natural total dissolved solids (TDS) concentration
of approximately 800 mg/L, which excseds the secondary drinking water standard for
TOS of 800 mp/L. Because of the depth to the injection zone and the natural TDS
concantrations, domestio potable wells In the vielnity of the ASR walifislde o net use

the Suwannea Limastone fermation water for drlnking water supply. The Injaetad fluid



will have a lower TDS concentration than the ground water in the injection zone. This
fluid meets all of the primary drinking water standards as well as all secondary drinking
water standards. Injection does not adversely affect the receiving ground water or the
environment because the stored fluid meets all of the federal primary and state
sacondary drinking water standards with the exception of elevated arsenic
concentrations limited in areal extent and primarily ocourring during ASR well recovery,

when the stored water volume I8 decraasing.

A well and water use inventory of public records provided as part of the UIC

operation permit application demonstrated limited ground water uee in the Suwannee
Limestone portion of the Floridan aquifer within one mile of the ASR slte. The inventory
verified there are ten water use permits utllizing Suwannee Limestone ground water
within one mile of the ASR site. They are all Irrigation, mining, and agricultural wells;
none are used for drinking water. There were no water use permits that identifled use
of the Surficial aquifer.

The enly eonfirmed publie supply and demestie water use within a ene-mile
radius from the ASR facility are 33 wells permitted in the overlying Intermediate aquifer
system. The deepest of these wells Is 340 feet deep, with the Intermediate aquifer
supply Intervals separated from the Suwannee Limestone by over 180 feet of a
confining unit conaisting of low permeability rocks. All the monitoring wells located In
the Intermediate aquifer have arsenic concentrations less than 0.010 mg/L. The

proposed exemption for arsenic on the property owned by the Authority or controlled by



the easemants will not Impact the Intermediate aqulifer water use near the Injection well
sita. ASR operations conducted at the aite for over 26 yeara have not interfered with

ground water use in the area.

The sconomie, environmental, and social costs of praventing the release of

arsenic within the Suwannee Limestone formation durling ASR oparations from
exceeding the ground water and primary drinking water standard for araenio eutwelgh
the economic, environmental, and sooclal beneflts of praventing such ralease.
Preliminary studies indicate use of a deoxygenation system could reduce dissolved
oxygen levels In the injectad water to a level where arsenic mobilization in the aquifer
would likely not occur, An estimated twenty-gix million dollars would be required for
construction in addition to one million dollars of annual operation and malntenance
costs for a system slzed for the capacity of Authority's ASR wallfislds. The feasibllity of
guch a system for up to twenty-cne million gallons of water per day Is unknown because
the few such aystema tested have baen operated at facliities with ASR wallfisld
capaocities of about one million galions per day. Also, these systems have short
eperational histories and not all have baen successful In redueing arsenie mobllization.
Use of the deoxygenation system by the Authority would result In significant eoste with
litle derlved benefit. As the ASR wells are currently operated the recoverad water s
blended with water in the raservelrs and subsequently treated at the Authority's drinking

water plant to meet all primary and secondary drinking water standards prior to



distribution to its customers. Granting the water quality criteria exemption for arsenic
therefore outweighs the environmental benefit of compliance as there are adequate
safeguards to protect the environment and public health.

Background water quality of the Suwannee Limestone formatlon into which
Injection occurs exceeds the drinking water standerd for TDS, and because of this it i
not currently used as a source of drinking water. Granting the exemption from the
araenlo standard within a limited portlon of the Floridan aquifer within property ewned or
controlled by the Authority will not adversely Impact the very limlted use of ground water
from this portion of the aquifer or the use of the overlying Intermediate aquifer system,

Social and environmental benefits are realized by storing surface water
withdrawale underground during high river flow periods and recovery of the stored water
for use during drier periods when river withdrawal |a restricted or prohibited. Storing the
water underground reduces the need to construct costly above ground reservolrs, which
can Impact wetlands, or to develop alternative water supplies such as reverse ocamosis
treatment facilities, that are not only costly, but require large amounte of electric power.

During the drought of 2008-200¢ the ASR Wellfleld provided the majority of water

gupplied to the Autherity's service area, thereby averting a water shertags.




Ground water quallty and water level data are collsoted from twenty-four
monitoring wells. Sixteen wells are within the Suwannae Limestone of the Floridan
aquifer and slght are within the overlying intarmediate aguifer system. Nine monitaring
welle are looated In Wellfleld 1 and fifteen wells are In Wellfield 2. Thus, beth the ABR
zone and the overlying Intermadiate aquifer sysiem are menitered io detect any adverss
effects related to ASR activities at the site. In addition te arsenle, over 20 sther
parameters are analyzed and reportad for the monitoring wells. The quality of the
injected potable water and the water recovered from ASR wells is also monitored
regularly to ensure compliance with the ground water atandards and other monitoring
requiraments contained In the UIC permlits. The monitoring program will be continued
under the new UIC permit for operation of both the ASR wellfields.

This proposed exemption requires that monitoring wells continue to

demonstrate that ground water with more than 0.010 mg/L of arsenic is net migrating in

the ASR zone beyond land owned by the Autherity of the easements granted by the
SWFWMD.,

The requested water quality criteria exemption for arsenic is not expected
to present a danger to the public health, safety, or welfare if limited in axtent to the ASR
zone on property controlled by the Authority. Information provided in the petition
indicates excess levels of arsenic In ground water will not migrate to the overlying
Surficial aquifer or Intermediate aquifer systems, or migrate beyond the property owned

or controlled by the Authority within the Suwannes Limestona formation of tha Floridan



aquifer. The proposed exemption Is for proparty owned or controlled by the Authority
and at a sufficient depth to ensure that public access to the potentially affected ground
water will not eceur. The Authority's public water syatem will continue to mest all
federal and state drinking water standards,

6. The Department intends to grant this exemption subject to the following
conditions:

() The exemption Is granted for the duration of the Authority's Class V well
Operation Parmit Number 0138595-014-U0 for Welifields 1 and 2, Future exemptions
must be petitioned for by the applicant In conjunction with a renewal of the operation
permit or another UIC permit for any other injection welle at the facllity.

(b) The exemption provides rellef only for the ground water arsenic etandard
of Rule 62-820.420, F.A.C., which adopte by reference the drinking water standards
contained In Rule 62-680,310, F.A.C. Compliance with all other ground water quallty
stendards, Including the other primary drinking water etandarde contained in Rule
62-560.310, F.A.C., the secondary standards contained in Rule 62-6560,320, F.A.C., and
the minimum criteria contained in Rule 62-520.400, F A.C., are not affected by this
exemption.

(¢}  The permittee shall menitor water quality In accordance with the apecific
conditions of the Operation Permit Number 01368586-014-U0 with the additional
requirements;

1. Monitering Welle = If the maximum contaminant lavel (MCL) for areenic
(0.010 mg/L) Is exceeded at Suwannee Limestene monitering wells M-2, M-18, M-18,

M-18, or M-21, or at Intermed|ate aquifer ayatem monitering wells E, I-7, 1-8, |10, T-2,
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T-7, T-8, or T-11, a eenfirmation samiple shall be ebtainad and analyzed within three
businese daya afier reeelpt of the first sample result. If the arsenie soneentratien
senfirmation sample Is greater than the MCL, the Autherity shall investigate the MGL
exceedance(s) and within 80 days provide to the Department a report that evaluates the
potantial causes of the exceadances and actions proposed by the Authority to abate or
eliminate the exceedances. Potential actions shall include but not be limited to the
cessation of injection Into nearby ASR wells until the affected monitoring walls come
Into compliance.

2. Injected Fiuld = All Injected fiuid shall raceive full treatment at the
Authority's water treatment plant and shall meet all primary drinking water standards
contained In Rule 82-8580.310, F.A.C., the secondary standards contained in Rule 82-
680.320, F.A.C., and the minlmum criterla contained in Rule 82.820.400, F.A.G.

(d)  The permittas shall use the data oblained during operation under the tarm
of Permit Number 0136688-014-UO and this axemption to reassess the adequacy of the
monitoring program. The resduilte of this reassessment shall be submitted with the
application for renewal of the UIC permit and this exemption.

Pursuant to section 403.816, F.S., and Rule 82-110.108(7), F.A.C., you (the
applicant) are reguired to publish at your own expense the enclosad Notice of Intent to
Grant a Water Quality Exemption. The notice shall be published cne time only within 30
days from the date of lssuance of this notice of intent in the iegal ad sectlon of &
newapaper of general ciroulation in the area affacted. For the purpose of this rule,
"publication In a newspaper of ganaral circulation In the arsa affected" meana

publiegtien in & newspaper meeting the requirements of sections 50.011 and 50.031,

[}



F.8., In the county where the actlvity is to take place. The applioant shall provide an
eriginal copy of the proof of publicatien to Mr. Joseph Haberfeld, P.G., Florida
Department of Environmental Protection, Aquifer Protection Program, 2800 Blair Stone
Road, Mail Station 35630, Tallahassee, Florida 32389-2400, within seven days of
publication. Failure to publish the notice and provide proof of publication within the
allotted time may result in denial of the exemption.

The Department will issue the exemption with the attached conditions unless a
timely petition for an administrative hearing ie flled under saections 120.588 and 120.57,
F.8. The procedures for petitioning for a hearing are aet forth balow.

A peraon whoee subetantlal Interests are affected by the Department's proposed
exemption decision may petition for an adminlstrative proceeding (hearing) under
sactions 120.8080 and 120,87, F.8, The petition must contain the information aet forth
below and muat be filed (received) with the Agency Clerk in the Office of General
Counsgel of the Department at 3600 Commonwealth Boulevard, Mail Station 35,
Tallahaseee, Florida 32388-3000. Paetitions filed by the exemption applicant or any of
the parties listed balow muet be filed within 21 days of receipt of thia written notice.

Petitions filed by any other persons other than those entitied to written notlce
under section 120.80(3), F.S., must be flled within 21 days of publication of the public
notice or racelpt of the written notice, whichever ocours first. Under seotion 120.80(3),
F.8., however, any person who aeked the Depariment for notice of agency action may
file a petition within 21 days of recsipt of such notice, regardless of the date of
publication. The petitioner shall mall a cepy of the patition to the applicant et the

address indicated above at the time of filing. The fallure of any person ta fila 8 petitien



within the apprepriate time peried shall constitute a walver of that peraen's right to
raquest an administrative determination (hearing) under seetlens 120.686 and 120,57,
F.8., or to intervens In this proceeding and participate as a party to it. Any subsaguent
intervention (in a proceeding Initlated by another party) will enly be at the disoretion of
the presiding officer upon the filing of a motlen in compliance with Rule 28-108.208,
F.A.C.

A petition that disputes the material facts on which the Department's action s
based must contain the following Information, as required by Rule 28-106.201, F.A.C.

(a) The name and addrass of each agency affected and each agency's flle or
Identification number, If known,

(b) The name, addraas, and telephong number of the patitionsr; tha name,
addrees, and telephone number of the patitioner's representative, If any, which shall be
the address for service purposes during the course of the proceading and an
axplanation of how the petitioner's subatantial interasts will be affected by the agency
determination;

{c) A statement of when and how the petitioner recelved notice of the agency
decision;

{d) A statemant of all disputed issues of material fact. If there are none, the
petition must so Indicats;

(e) A conclae statement of the ultimate facts alleged, Including specific facts the

pellitionar contends warrant reveraal or modification of the Department action;
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(f) A statement of the specific rules and statutes the petitioner contends requires
reversal or modification of the agency's proposed action, including an explanation of
how the alleged faocts relate to the specific rules or statutes; and

(g) A statement of the rellef sought by the petitioner, stating precisely the action
that the petitioner wants the Department to take with respect to the agency's proposed
aatlon,

A petition that dees not dispute the matarial facts on which the Dapariment's
action is based shall state that no such facts are in dispute and otherwise oontaln the
same information as set forth above, as required by Rule 28-108.301, F.A.C,

Because the administrative hearing process ls designed to formulate final agency
action, the filing of a petition means that the Department final action may be different
from the position taken by it in this notice. Persons whose substantial interests will be
affected by any such final decislon of the Department on the petition hava the right to
petition to become a party to the proceeding, In accordance with the requirements set
forth above,

Mediatlon under section 120.873, F.8., I8 not avallable for this proceeding,

A party to this erder has the right to seek Judiclal review of it under aeetlon
120.68, F.8., by filing a netiee of appeal under Rule 8.110 of the Florida Rules of
Appellate Procedure with the Agency Clerk of the Department In the Office of General
Counsel, Mail Station 35, 3900 Commonwealth Boulevard, Taliahassee, Florida, 32388-
3000, and by filing & copy of the notice of appeal accompanied by the applicable filing
fees with the appropriate district court of appeal. The notice must be filed within thirty
days after thig order is filed with the clerk of the Department.



DONE AND ENTERED this { Z~day of ﬁMzmz in Tallahassee, Florida.

A _,

[ "

Mark P. Thomasson, P.E., Director
Divislon of Water Rasource Managemant
State of Fiorida Depariment of
Environmental Protection

26800 Bialr Stone Road

Tallahasses, Florida 323608-2400

Coples furnished to:

Patrick J. Lehman, P.E., Peace River Manasota Regional Water Supply Authorlty
Mike Coates, P.G., Peace River Manasota Reglonal Water Supply Authority
Mark McNeai, P.G., ASR-US, LLC

Cralg Varn, Manson Law Group

Mauryn McDonald, DEP/Teampa

Bill Kelsey, DEP/Tampa

Rommy Lahera-Aument, DEP/Tampa

Amanda Bush

Greg DeAngeic

James Alaxander

Blake Guillery, 8outhwest Florida WMB

Ann Shortelle, Suwannee River WMD

Encliosure: Public Notlce
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STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL PROTECTION
NOTICE OF INTENT TO GRANT A WATER QUALITY CRITERIA EXEMPTION

The Department of Environmental Protection gives notice of its intent to grant an
exemption from the Class G-Il ground water standard for arsenic pursuant to Ruile 62-
520,500, Florida Administrative Code (F.A.C.), as part of the operations of the Peace
River Manasota Regional Water Supply Authority (*Authority”) Aquifer Storage and
Recovery (ASR) Well System Wellfield 1 and Wellfield 2 located at 8898 SW County
Road 780 In DeSoto County, Florida. The wellfisids inject potable water, which has
recaived full treatment from the on-site water treatment plant, Into Clase G-Il ground
water for storage and subsequent recovery during dry periods. Injectad water will meet
all drinking water standards Ineluding arsenie, The axemption i neceseary because
arsenic above the ground water standard has been detected in recovered ground water
from Authority-owned ASR wells. Ground water monitoring demonstrates that this is not
occurring outside the boundaries of property owned or controlled by the Authority. All
recovered water Is blended or treated to ensure all drinking water standards are met
prior to distribution. The exemption Is granted for the duration of the Authority's
Underground Injection Control Operation Permit Number 0136666-014-UQ. The
applicant must petition for any future exemptions,

A peraon whose subatantial Interests are affacted by the Depariment's proposed
exemption decision may patitien for an administrative proceeding {hearing) under
sections 120,880 and 120.87 of the Florida Statutes (F.S.). The petition must contain

the informatien eet forth belew and muet be filed (received) with the Agency Clerk In the



Offlce of Genaral Counsel of the Department at 3800 Commonwealth Boulevard, Mall
Statien 35, Tallahassee, Florida 32380-3000, within 21 dayes of publication of this notice,
The petitioner must also mail a copy of the patition to the applicant, Mr. Patrick J.
Lehman, P. E., Peaoe River Manasota Regional Water S8upply Authorlty, 8415 Tewn
Center Parkway, Lakewood Ranoh, Florlda 34202, at the time of filing.

Tha faliure of any person to fils a petitien within the approprlata time perled shall
oonstitute a walver of that persen's right to request an adminietrative determination
(hearing) under sections 120.888 and 120.57, F.8., or to intervene In this proceeding
and participate as a party to It. Any subsequent intervention (in a proceeding initiated
by another party) will only be at the discretion of the presiding officer upon the filing of a
motion In compliance with Rule 28-108.205, F.A.C.

A petitlon that disputes the materlal facts on which the Department's action is
based must contain the following infermation, as required by Rule 28-106.201, F.A.C.

{a) The name and addrese of eanch agenoy affectad and each ageney's file or
Identification number, if known;

{b) The name, address, and telephone number of the petitioner; the nams,
address, and telephone number of the petitioner's represantative, If any, which shall be
the address for service purposes during the courge of the proceeding and an
explanation of how the petitioner's substantia! interests will be affected by the agency
determination;

(c) A statement of when and how the petitioner received notice of the agency

declsion;



(d) A statement of all disputed iseues of materiai fact. If there are nene, the
pstition must 8o indioate;

{@) A concise statement of the ultimate facts allegad, including specific facts the
petitioner contends warrant reversal or modification of the Department action;

() A statement of the specific rules and statutes the petitioner contends requires
reversal or modification of the agency's proposed action, including an explanation of
how the alleged facts relate to the specific rules or statutes; and

(g) A statement of the relief sought by the petitioner, stating pracisely the action
that the petitioner wants the Department to take with respect to the agency's proposed
actlon,

A petition that does not dispute the material facts on which the Department's
action is based ahall atate that no such facts are In dispute and otherwise contaln the
game information as set forth above, ae required by Rule 28-106.301, F.A.C.

Because the administrative hearing process I8 designed to formulate final agenoy
action, the filing of a petition means that the Department final action may be different
from the poslition taken by it in this notice. Persons whose substantlal interests wlll be
affectad by any such final decislon of the Department on the petition have the right to
petition to become a party to the proceeding, in accordance with the requiremente set
forth above.

Mediation Is not avallable for this proceeding.

The application is avallable for publio inepection during normal business hours,
8:00 a.m, to 6:00 p.m., Menday through Friday, except legal holldays, at the Flerida

Pepartment of Environmental Preteation, 2600 Blelr S8tone Road, Tallahassee, Fiorida



32380-2400 (oontact Joseph Haberfeld, P.8., at 860-248.-8666), or at the Depariment of
Environmental Proteetien, Southwesat District Offios, 13061 Nerih Telesem Parkway,
Temple Terrace, Florida 33837-0828 (contast Rommy Lahera-Aument, P.3,, at 813-
632-7800).



Peace River Manasota
Regional Watez Supply Authorliyy

JAN 15 2013
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Charlette » DeSoto » Englewood » North Port » Venice

PUBLISHER'S AFFIDAVIT OF PUBLICATION

STATE OF FLORIDA

COUNTY OF CHARLOTTE:

Before the underaigned authority personally appeared Diane Brinckman,
who on cath saya that she Is legal clerk of the Charlotte Sun and Englewood
Sun, a nowspaper published at Charlotte Harbor in Charlotte County, Florida;
that the attached copy of advertisement, belng a Notice of Exemption,

was published in said newspaper in the issues of:

January 9, 2013

Affiant furthor says that tho sald newspaper Is a newspapor published at

Charlotte Harbor, in sald Charlotto County, Florida, and that the said

newspaper has heretofore been continuously published in said Charlotte

County, Florids, Sarasota County, Florida and DeSoto County, Florida, each

day and has been entored as periodloals matter at tha post office in Punta Gorda,
in sald Charlotte County, Florida, for & period of 1 year next preceding the flrst
publlcation of the aitached copy of advertisement; and afflant further says that he
or she has neither paid nor promised any person, firm or corporatien any discount,
rebate, commisslen or refund for the purpose of securing this advertisement for
publicatien In the sald newspaper.

#m%_&.mma
(Signature of Afflant)

Parsonally known

Type of ldentiflcation Producad

subscribeg be

day of January, 2013.

TN ponded Through Nl (Rl Noldry Assn.

RECEIVED
JAN 21 2013

R Produced Idantification UIC PROGRAM

AMBER FREEHAN
Netary Publio « Blale al Flarida
M pomm, Expires Apr 20, B016
cerﬂmlmen # A6 168163

- STATE OF FLORIDA
DEPM?IEP;TRGFEEENT\ADR"QHMEN-
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EXHIBIT III

Miscellaneous
Publighed December 14, 2012

DEPARTMENT OF ENVIRDNMENT A
Divislon of Water Resource Management
NOTICE OF INTENT TO GRANT A WATER QUALITY CRITERIA EXEMPTION

The Department of Environmontal Protection gives notioo of it intent to grant an exemption from the Claws G=
11 ground water standard for arsenlo pursuant to Rule 62-520.500, Florlda Adminlstrative Code (F.A.C.), uy past of
the cperations of the Peace River Manasota Regional Water Supply Authority (“Authorlty™) Aquifer Storage and
Recovery (ASR) Well Systsm Welliield 1 and Wellfleld 2 Jacated at 8698 SW County Road 769 In DeSote County,
Florida. The wellfields injeet potable water, which has received full treatment from the on-sito water treatment plant,
into Class G-11 ground water for sterage and subsequent resevery during dry periods. Injected water will meet all
drinking water standards ineluding arsenic, The examption s nocessary beoause arsonis above the ground water
standard has boon detected in recovered ground water from Authority-owned ASR wells. Ground water monitoring
demonstrates that this {s not cocurring cutside the boundaries of property owned or oontrolled by the Authority. All
recovered water is blonded or troated to onsure all drinking wataer standards are met prior to distribution, The
exomption is granted for tho durailon of the Authority's Underground injection Contrel Operation Permit Number
0136595-014-U0, Tho applicant must petition for any future axemptions,

A person whoso substantial Interosts are affected by the Dapartment's proposed exemption decision may
petition for an administrative proceeding (hearing) under sectiona 120.569 and 120.57 of tha Florida Statutes (F.S.).
The petition must contain the information set forth bolow and muat be filed (recelved) with the Agency Clork In the
Offico of Genoral Couneat of the Departmont at 3900 Commonwealth Boulevard, Mail Station 35, Tallahassoe,
Florlda 32399-3000, within 2] days of publication of this notics. Tha petitioner must nlao mail a copy of the petition
to the applicant, Mr. Patrick J. Lehman, P. E., Peace River Manasota Rogional Water Supply Authority, 9413 Tewn
Centor Parkway, Lakewood Ranch, Florids 34202, at the timo of filing.

The failure of any person to file 8 potitien within the appropriate timo period shall constitute a walver of that
persen's right to request an administrative determination (hearing) under sactions 120,569 and 120,47, F.4,, er to
intarvane In this prosceding and participate aa a party to it. Any subsoquent interventlon (In a procesding Iaitiuied by
gnother party) will only be at the discration of the presiding officer upon the filing of a motion in sompliance with
Ryle 28.106,203, F.A.C,

A petltion that disputes the material faets on whieh the Department's action I8 based must contain the followlng
informatlon, a8 required by Rule 28:106.201, F.A.C.

(a) The name and address of each agoncy affocted and each agoncy's flle or identifleation number, if known;

(b) The arme, addross, and tslophona numbaer of the petitioner; the name, addrose, and tolephone number of
the petitioner's representativs, If any, which shall be tho address for service purposes during tha course of the
procoading and an explanation of how the petitioner's substantial interests will bo affected by the agency
determination;

(c) A statement of when and how the petitioner received notice of the agency deciaion;

(d) A satement of all disputed Issues of materin! fact, If there are none, the petition must sc indicato;

() A conolse ntatsment of the uitimnats fcts slleged, including specific facts the petitionar contends warrant
roversal or modification of the Department action;

() A statement of the specific rules and statutes the potitionsr contends requires reversal or mediflvation of the
agonoy's proposed action, Including an oxplanation of how the alleged facts relate to the spocific rules or siatutes;

and
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() A statoment of the relief sought by tho potitioner, stating proofraly the netion that tho potitionet wanta the
Department to tako with respeot to tho agoncy's proposad action,

A patition that does not dispute tho materinl facts on which the Department’s sction Is based shall state that no
suoh fhets are [n disputo and otherwiss vontain tho gamo information us sst forth above, as required by Rule 28-
106301, F.A.C.

Booauso the adminlstrative hoaring process Is deaigned to formulata final agency aotion, the flling of 4 potition
means that the Department final action may be different from the position taken by it In this notice, Porsons whose
subatantial interests will be affeoted by any such final doclsion of the Department on the potition have the right to
potition to beoome a party to the proceeding, In accordance with the requiremoents sot forth abeve,

Mediation in not available for this proceeding,

Tho applieation s avallable for publis inapection during notinal Susiness hours, 8:00 a.m. to 5:00 p.m., Monday
through Friday, exospt legal holldays, at the Florida Department of Environmental Protection, 2600 Blait Stone
Rond, Tallahassco, Fiorlda 32399.2400 (costact Jeseph Haberfald, P.G.,, at (830) 245.8655), or at the Department of
Environmental Protestion, Scuthwest Distriet Offies, 13051 Nerth Telesom Parkway, Temple Terrace, Fiorida
33637-0026 (oontaot Rommy Luhora-Aument, P.Q),, ut (813) §32-7600).



McManus, Fred

From: Haberfeld, Joe [Joe.Haberfeld@dep.state.fl.us]
Sent: Thursday, July 25, 2013 2:28 PM

To: McManus, Fred

Subject: RE: question- class 1 wells

Just one clarification on what | wrote Tuesday. The Vero Beach well is in Indian River County; so there are 6 facllities and
7 wells in Brevard Co., and 1 facllity/1 well In Indlan River Co.

From: McManus, Fred [mailto:Mcmanus.Fred@epa.gov]
Sent: Tuesday, July 23, 2013 4:00 PM

To: Haberfeld, Joe

Cc: Marsh, Nancy

Subject: RE: question- class 1 wells

Thanks lee! You are The Man| Based on the emplrical data, It seems a huge stretch to associate the algal
bloomis/seagrass die-off in the IRL to nutrients asseclated with Class | municipal injaction wells,

Ered

From: Haberfeid, Joe [malitoioe. Habarald@dep.state.fl.us]
Sent: Tuesday, July 23, 2013 3:15 PM

To: McManus, Fred

Subject: RE: question- class 1 wells

Fred,

In Brevard County, there are 7 permitted Class | municipal injection facilities which contain a total of 8 injection wells. All
facilities have monitoring wells in USDW aquifers, which are shallower than the injection interval. None of the
monitoring wells within the USDW have shown evidence of municipal effluent. The USDW monitoring wells are used to
sample the groundwater monthly (weekly in the case of Vero Beach) and are generally completed between the depths
of 300 to 1300 feet,

One discontinued Class | well, the City of Melbourne D.B. Lee well, did cause fluid movement into the lower USDW at
approximately 1200 feet deep, but shallower wells did not show this effect. Injection has not occurred there since 1988
and the well was plugged abandoned within the last five years.

Joseph Haberfeld

Professional Geologist

Underground Injection Control Program Coordinator
Aquifer Protection Program

Florida Department of Environmental Protection
2600 Blair Stone Road

Mail Station 3530

Tallahassee, Florida 32399-2400

Phone 850-245-8655

ioe.haberfeld@dep, state fl.us



Please take a few minutes to share your comments on the service you received from the department by clicking on this
link. DEP Customer Survey.

From: McManus, Fred [mallto:Mcmanus.Fred@epa.gov]
Sent: Tuesday, July 23, 2013 12:05 PM

To: Haberfeld, Joe

Cc: Marsh, Nancy

Subject: FW: question- class 1 wells

Joe, see emalil below from Susle in Senator Nelson’s offlce and the assoclatad article, espacially, the highlighted portion.
| think the source of nutrients to IRL Is more likely the hundreds of thousands of septle systams and not the Class |
municipal wells; seems to me that any fluid movement from the injection zone would first have to migrate thraugh aft
the semi-confining zones and the USDWs before It reaches surface waters and this could take years (i.e., tens to
hundreds}, | think that fertilizer in surface runoff {i.e., stermwater) also contributes to the nutrient loading in the IRL. |
also plan te contact the lead scientist with the IRL NEP to get the NEP's thoughts on this article ant Drew Kendall, the
Region 4 IRL NEP coerdinater.

What do you think?
Thanks,

Fred

From: Wise, Allison

Sent: Tuesday, July 23, 2013 10:59 AM

To: McManus, Fred

Cc: Mundrick, Doug; Allenbach, Becky; Giattina, James; Mitchell, Gail
Subject: RE: question- class 1 wells

All: Susie in Senator Nelson'’s office would like to talk to us regarding algal blooms in the IRL. She wants to
discuss the possible link (if any) between deep well injection and problems occurring in the lagoon.

1 would like to set up a call later this week.

Toxins on Indian River Lagoon seaweed might be
killing manatees, but mystery remains

CRAIG PITTMANTampa Bay Times

Wednesday, July 17, 2013 12:10pm

A government research chemist has isolated what he calls "a suite of toxins" on seaweed eaten by the 112
manatees that have died in Florida's Indian River Lagoon.



Some of the toxins may be previously unidentified by science, and flourished because of sewage-fueled algae
blooms that killed sea grass.

"These animals are swimming in some highly toxic water," said Peter Moeller, a chemist with the National
Ocean Service. However, scientists say that doesn't explain why 52 dolphins and about 300 pelicans died there,
since they ate fish, not seaweed.

The manatees filled their bellies with the reddish seaweed called Gracilaria because their normal food, sea
grass, had been wiped out by a series of huge algae blooms fueled by nutrient poilution in the lagoon.

Initially, scientists thought fertilizer was the source of the pollution, but tests by Brian Lapointe from Harbor
Branch Oceanographic Institute have found that the culprit is actually sewage. The sewage could be coming
from leaks in the estimated 300,000 septic tanks scattered around the lagoon on the state's Atlantic coast, he
said, or it could be migrating into the lagoon from the deep-well injection of treated sewage into the aquifer.

Vero Beach switched to deep-well injection two years ago after the state Department of Environmental
Protection said the city had to stop dumping treated sewage directly into the lagoon. The DEP subsequently
approved the $11 million deep-well injection system. Last year, one DEP official called it "one of the best deep
wells | have ever seen.”

Whether the sewage source is the wells or the septic tanks or some combination of the two, Lapointe said,
"Basically the Indian River Lagoon is being used as part of our sewage treatment system."

The Indian River Lagoon has long been hailed as the most diverse ecosystem in North America. Its 156 miles of
waterways boast more than 600 species of fish and more than 300 kinds of birds, attracting anglers and tourists
to the towns along its shore, such as Titusville, Cocoa, Melbourne, Vero Beach and Stuart.

But a series of algae blooms wiped out more than 47,000 acres of its sea grass beds, which one scientist
compared to losing an entire rainforest in one fell swoop. Then, beginning last summer, manatees began dying,
and they haven't stopped. Soon dolphins and pelicans began dying, too.

The pelican die-off apparently stopped in mid April, according to Kevin Baxter of the Florida Fish and Wildlife
Conservation Commission, but the manatee and dolphin die-off is continuing. The most recent dead manatee
turned up July 9, he said.

When Lapointe and an assistant, Laura Herren, collected Gracilaria from the lagoon for Moeller to examine,
they noticed it was covered in fuzz. "Those are the microscopic algae that we think are producing the toxins,"
Lapointe said.

Moeller said he was able to extract what he called "novel toxins that had not been described before." When he
exposed cells from mammals to the toxins, the toxins killed the cells, he said.

While that strongly suggests the toxins on the Gracilaria are what killed the manatees, Moeller said, "any direct
link to the manatee deaths is a long way off."

Meanwhile, "we have not found a definitive cause" for the dolphin deaths, said Megan Stolen, a research
scientist at the Hubbs-SeaWorld Research Institute. "We have been careful not to lump the manatee deaths with
the dolphin deaths since they eat different things, although that doesn't mean there's no direct relation.”



So far only one dolphin sickened by whatever is in the lagoon has been captured alive. However, Stolen said
this week, that dolphin — found by a kayaker last month and now being cared for at SeaWorld — has not
yielded any clues to what's killing the others.

Craig Pittman can be reached at craig@tampabay.com

Teresa Mazza with Hubbs-SeaWorld

A kayaker found a sick dolphin in Indian River Lagoon last month. It has yielded no clues as to what's causing
dolphin deaths.

Toxins on Indian River Lagoon seaweed might be killing manatees, but mystery remains 07/17/13 [Last
modified: Wednesday, July 17, 2013 9:55pm]

From: McManus, Fred

Sent: Tuesday, July 23, 2013 7:47 AM
To: Wise, Allison

Cc: Mundrick, Doug; Allenbach, Becky
Subject: RE: question- class 1 wells

Here you go Allison!

Florida (specifically, south Florida) is the enly state in the eountry where demestle wastewater (i.e,, treated sawage) is
disposed of via deep (from abeut 2,000 te 3,400 feet belew the surfaee) injection wells Inte a earbonate fermatien
known as the Boulder Zone as an alternative to surface dispesal, The Boulder Zone Is located below greund water
agquifers that are currently used or may be used as a seurce ef drinking water and are referred te as underground
sogurces of drinking water (USDWSs), These deep injection wells are regulated by the Florida Department of
Environmental Protection (FDEP) under the State’s Underground Injection Centrel (UIC) Pregram and are designated as
Class | municipal wells, The federal UIC regulations do not allow the Injectien te eause any fluld mevement inte USDWs,
The confining geoloslc layer of rocks that FDEP relied upon to prevent fluid mevement from the Injection intarval (i.e.,
Boulder Zone} into USDWs was found to not prevent the Injected wastewater from migrating into the lowermost
USDW, Because operation of Class | wells with fluld movement Into USDWs is prohlbited by federal ViC regulations,
these facilities would be forced to cease Injection and adopt an alternative method to manage thelr wastewater, which
would Increase the environmental risks to surface waters and coastal environments. Therefore, the EPA provided a
regulatory alternative to owners/operators of Class | municlpal wells that caused or may cause movement of fluld Into
USDWSs, The “Revision of the Federal Underground Injectlon Control Requirements for Class | Municipal Disposal Wells
In Florida” offers owners/operators of these Class | municipal wells the abllity to continue to operate their wells,
provided they meet additional wastewater treatment requirements. These new treatment requirements are designed
to provide an equlvalent level of protection to USDWs as provided by the no-fiuid-movemant requirament of the federal
VIC regulations and the Safe Drinking Water Act. This alternate approach involves rigorous control of the quality of the
fluids by requiring these facllities to treat their municipal wastewater with pretreatment, secondary treatment and high-
level disinfection before the flulds are injected. Under this approach, the mavement of fluids into USDWs sheuld net
endanger the USDWs because the quality of the wastewater has been treated to a level that Is no longer a threat te
UsDWs,

Hope this helps,

Fred



From: Wise, Allison

Sent: Monday, July 22, 2013 11:23 AM
To: McManus, Fred

Subject: RE: question- class 1 wells

Thanks Fred. | will ferward these but eould you previde a paragraph oF two summary? Thanks!

From: McManus, Fred

Sent: Monday, July 22, 2013 10:40 AM

To: Mundrick, Doug

Cc: Delli-Gatti, Dionne; Wise, Allison; Allenbach, Becky
Subject: RE: question- class 1 wells

Allison:

The two attached documents/fact sheets should answer the question and provide additional background information.
Please let me know If you have any questions or require additional information.

Thanks,

Fred

From: Mundrick, Doug

Sent: Monday, July 22, 2013 8:54 AM
To: McManus, Fred

Cc: Delli-Gatti, Dionne; Wise, Allison
Subject: FW: question- class 1 wells

Fred, €an yeu answer this guestion?

Boug

From: Wise, Allison

Sent: Monday, July 22, 2013 8:37 AM
To: Thomas, Chris; Mundrick, Doug
Cc: Delli-Gatti, Dionne

Subject: FW: question- class 1 wells

Sea Inquiry from Senator Nalson's office.

From: PerezQuinn, Susie (Bill Nelson) [mallto:susle_perezauinn@bi prR,

Sent: Thursday, July 18, 2013 2:18 PM
To: Wise, Allison
Subject: question- class 1 wells

Allissn,
Hew are yeu?
Yaur new Administrator’s nomination is on the Senate fleor today!
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Please see the regs in the link below regarding Class | municipal dispesal wells in Flerida,
What prompted these regs? Thanks,

Susie

From: Orgera, Ryan (Bill Nelson)
Sent: Thursday, July 18, 2013 2:09 PM
To: PerezQuinn, Susie (Bill Nelson}
Subject: wells in CFR

http://www.law.cornell.edu/cfr/text/40/146.15
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McCiaugherty, Donnie to: Fred McManus 11/28/2012 10:22 AM
: Cec: "DeAngelo, Gregory", "Haberfeld, Jog"
1 attachment
W

ASR in Florida White Paperdep112112 (6).docx

Hi Fred,

Attached are our edits in track change. This has not
been reviewed by the Division office.

Thanks, Donnie

Please take a few minutes to share your comments on
the service you received from the department by
clicking on this link Copy the url below to a web
browser to complete the DEP survey:
http://survey.dep.state.fl.us/?refemail=Donnie.McClau
gherty@dep.state.fl.us
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p ™ ASR in Florida White Paper 12 03 12
”'?” Haberfeld, Joe
x i to:
Fred McManus
12/17/2012 09:38 AM
Hide Details
From: "Haberfeld, Joe" <Joe.Haberfeld@dep.state.fl.us>

To: Fred McManus/R4/USEPA/US@EPA

History: This message has been replied to and forwarded.

1 Attachment

ASR in Florida White Paper 12 03 12.docx

Fred,

I made corrections to the white paper on the well numbers. Qur FY2012 inventory has 159 ASR wells permitted,
so the 134 total must be an older number. The other numbers were adjusted to match the presentation because

we made detailed lists to come up with those numbers.

Joe

Please fake a few minutes to share your comments on the service you received from the department by clicking -
on this link BEP Customer Survey.

file:///C:/Users/fmcmanus/AppData/Local/Temp/notes142542/~web3555.htm 8/22/2013
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@ Haberfeld, Joe
"y to:
, Fred McManus

12/20/2012 04:09 PM

Ce:

Nancy Marsh, "DeAngelo, Gregory", "McClaugherty, Donnie"
Hide Details

From: "Haberfeld, Joe" <Joe.Haberfeld@dep.state.fl.us>

To: Fred McManus/R4/USEPA/US@EPA
Cec: Nancy Marsh/R4/USEPA/US@EPA, "DeAngelo, Gregory"

<Gregory.DeAngelo@dep.state.fl.us>, "McClaugherty, Donnie"
<Donnie.McClaugherty@dep.state.fl.us>

1 Attachment

W,
3

==

ASR in Florida White Paper 12 20 12.docx

Fred,

We briefed Mark Thomasson and Chris Klena and made some suggestions based on their comments.

loe Haberfeld

Please take a few minutes to share your comrents on the service you received from the department by clicking

on this link DEP Customer Suryey.

file:///C:/Users/fmecmanus/AppData/Local/Temp/notes142542/~web1874.htm

8/22/2013






Aquifer Storage and Recovery in Florida

General Background

Aquifer storage and recovery (ASR) is the practice of storing water underground for later use.
ASR wells are a subset of aquifer recharge wells used to inject non-hazardous water for later
recovery, even if recovery is from a separate well. As weather variability, competing sector
needs and population growth exert pressure on a finite supply of water, a growing number of
communities are exploring whether ASR technology can be used to meet demand. ASR projects
are used to recover water for a number of beneficial uses, including drinking water needs,
agriculture/irrigation and ecological restoration. EPA’s Underground Injection Control (UIC)
Program addresses the potential for contamination of underground sources of drinking water
(USDWs) caused by injection activities. ASR wells are regulated as Class V injection wells
under the UIC Program.

Water used in ASR projects is typically of high quality and meets national primary drinking
water standards prior to injection, which would seem to ensure the protection of USDWs.
However, EPA has received reports that exceedances of national primary drinking water
standards/maximum contaminant levels (MCLs) for arsenic and disinfection byproducts (DBPs)
have occurred as a result of ASR injection. Geochemical interactions between the injected water
and the geologic formation may release heavy metals, iron, manganese, and/or radionuclides.
Disinfecting water to meet biological MCLs prior to injection may also have negative
consequences for USDWs if DBPs form in situ. ASR projects can present a complex challenge
for both operators and the UIC Program.

As the amount of high quality source water declines, municipalities, states, and others have
identified ASR as a technology that can be used to store drinking water for future use, and have
moved forward to use the technology to store water. In 2007, EPA analyzed available
information to determine whether ASR wells were being used widely, and potential impacts to
USDWs from ASR injection. EPA found the most prevalent challenges to USDWs from ASR
were elevated levels of metals, radionuclides and DBPs. Since 2007, EPA has received reports
that elevated levels of arsenic in USDWs as a result of ASR projects are affecting several regions
of the country.

Aquifer recharge (AR) is the practice of injecting water underground for the purpose of
increasing the usable supply in an aquifer, offsetting ground water withdrawals, restoring the
water quality of an aquifer or mitigating the effects of saltwater intrusion. The Florida
Department of Environmental Protection (FDEP) has been contacted about 5 potential aquifer
recharge projects in the state.



UIC Regulatory Framework

The UIC regulations, as developed to implement the requirements to protect USDWs (Part C of
the SDWA), clarify the statutory requirements in 40 CFR Section 144.12(a):

No owner or operator shall construct, operate, maintain, convert, plug, abandon, or
conduct any other injection activity in a manner that allows the movement of fluid
containing any contaminant into USDWs, if the presence of that contaminant may cause a
violation of any primary drinking water regulation under 40 CFR Part 142 or may
otherwise adversely affect the health of persons.

Importance of ASR in Florida

It is estimated that the demand for fresh/drinking water to supply public water systems will
increase by about 40% (i.e., from 2.5 bgd to 3.75 bgd) by the year 2030, Current water supply
planning indicates that many regions of Florida are projected to not have adequate fresh water
supplies to meet future demand. To meet future demand, the State of Florida has considered
developing more water supplies (e.g., reclaimed water, surface water, treatment of brackish
ground water/sea water, and increased storage such as reservoirs and ASR) and conservation.

With the lack of above ground reservoirs in Florida for storage, and the growing demand for
water for drinking and other uses (e.g., agriculture and ecological restoration and maintenance),
ASR projects using the aquifer as a water storage area are increasingly being explored and
utilized. The State of Florida considers ASR an important tool to water utilities, water
management districts and the state in general to help conserve and sustain the state’s water
resources. The emerging importance of ASR is impacted by the following facts:

¢ Traditional sources of freshwater are nearly tapped out and many alternative sources
require storage to be reliable

¢ ASR can extend the reliability of alternative sources (seasonal reliability)

* ASR in conjunction with traditional storage can greatly extend reliability (drought
reliability)

o Climate change may further exacerbate unreliability for some water sources, increasing
the need for storage

¢ Availability of suitable land for traditional storage is likely to decrease in the future

¢ ASR can increase beneficial use of reclaimed water and minimize discharges

* ASR can reduce saltwater intrusion because it reduces withdrawals from aquifers in
coastal regions

¢ ASR increases the ability to meet necessary environmental flows and levels
The advantages of ASR are numerous and include the following:

¢ Allows storage where topography and land availability are not suitable for reservoirs
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¢ Least expensive option for large-scale storage

e ASR can be located where it is needed

¢ No evaporative losses from storage

e Exceptionally small surface land footprint

o Additional storage can be added as needed and easily integrated into an existing project

ASR Activities in Florida

Arsenic is a naturally-occurring element present in some sulfide-bearing minerals (pyrite — FeS2)
found in most of the aquifers used for ASR in Florida. Under the natural, low oxygen conditions
normally found in the ground water, the arsenic remains bound in the carbonate rock matrix.
However, the oxygenated water injected for ASR projects, causes an oxidative reaction which
releases arsenic into the ground water. The FDEP has reported that 21 out of 37 ASR facilities
have collected operational data on arsenic concentrations in a monitor well or in recovered water.
Of those 21, 19 facilities had one or more arsenic exceedances of 10 pg/L, with several facilities
having measured at least one arsenic concentration of more than 50 pug/L. Currently, one facility
occasionally exceeds an arsenic concentration of more than 50 pg/L. Some facilities have arsenic
values in the 10-20 pg/L range but have been in operation for many years without further
decreases in the level of arsenic. There are a total 134 ASR wells in FDEP’s UIC inventory
report and 93 are actively injecting and recovering water or are under construction.

All ASR welis are permitted as Class V injection wells in Florida. Sources of water for ASR
include drinking water, reclaimed water, surface water and ground water. Every ASR project in
Florida is required to meet the primary drinking water standard for arsenic of 10 ug/L (lowered
from 50 pug/L in 2006) in the injectate. Even though the water being injected meets the arsenic
standard, the quality of the recovered water at the majority of ASR facilities has frequently
exceeded the new standard during well testing and operation. Currently, FDEP assumes that an
exceedance of a primary drinking water standard in the recovered water or a monitoring well is a
violation of the UIC rules and regulations. In no case has water with greater than 10 pg/L of
arsenic been delivered by a utility to the public. Also, existing recovery data indicate that arsenic
levels in the recovered water are “generally lower™ for facilities that have been operating for a
long time, whereas increased levels usually occur at newly operational facilities.

Cycle Testing Results

To verify that compliance with national primary drinking water standards are met, ASR facilities
are required to undergo cycle testing. A cycle test is the complete process of recharging, storing,
and recovering a volume of water. Multiple cycles are performed due to the seasonal demands of
ASR and to satisfy FDEP permit requirements. ASR wells and monitoring wells are sampled
during recharge, storage, and recovery phases, normally on a weekly basis during cycle testing.
Some facilities have exceeded eight cycles because they can not currently obtain an operation
permit.



Monitoring of ASR facilities has demonstrated that the oxidation zone which is likely mobilizing
arsenic does not exist far from the points of injection, with the radius of elevated arsenic
concentrations similarly limited in extent. Data from mature facilities indicates the radius is a
few hundred feet from the ASR wells. This is the case even when the stored volume of water is
much greater than the area in which arsenic is mobilized. In the case of Peace River, the
calculated radius of stored water is approximately 1400 feet from the center of the ASR
wellfield, while arsenic mobilization is limited to a radius of approximately 200 feet from each
ASR well.

Tools for Protecting USDWs in Florida

The FDEP utilizes several tools or a combination thereof to address potential exceedances of
arsenic that protect both the underground sources of drinking water and public health.

Under Program Guidance Memo WRM/GW-08-01 dated April 11, 2008, the FDEP issues
administrative orders or consent orders to ASR facilities that exceed or are reasonably expected
to exceed the arsenic level of 10 pg/L in recovered water or at any monitoring well. Where an
exceedance is observed the facility must take steps to come back into compliance. These orders
include requirement to consider institutional controls for any off-site exceedances of the arsenic
MCL and may require additional monitoring and cycle testing.

Other tools used by FDEP include:

» Pretreatment prior to injection to remove dissolved oxygen (degasification process}) to
reduce the potential for release of arsenic

¢ Point of Delivery to customer by retreating or blending recovered water

¢ Providing a zone of discharge to the property that would allow arsenic values greater than
the MCL (Property Ownership)

¢ Institutional Controls for off-site exceedances that prohibit the use of the ASR storage
zone for potable water use

» Consistent operation using similar volumes of water injected and recovered

+ Water Quality Criteria Exemptions that require demonstration of public interest
protection of present and future supplies and of public health, and costs benefit analyses

¢ Extensive monitoring of the injectate, ground water, and recovered water

» Full recovery of the injected water to reverse arsenic mobilization

Florida believes that its process for regulating ASR facilities with increased levels of arsenic
provides adequate assurance that there will be “no pathway” for human consumption of ground
water that exceeds the 10 pg/L. MCL for arsenic. Further, it should be noted that all public water
systems that utilize ASR implement point of recovery treatment techniques (i.e., filtration,
blending, etc.) to render high TDS waters potable, including reducing the level of arsenic to
below the MCL.



Florida’s Experience with ASR and Arsenic Mitigation Tools
Pretreatment: City of Bradenton, Seminole County-Markham, City of Sanford, City of DeLand

These are 1 million gallon per day (MGD) potable water facilities. At Bradenton, degasification
achieved a reduction of dissolved oxygen and chloramines adequate to prevent the mobilization
of arsenic in the two most recent cycle tests. The facility may soon qualify for an operation
permit. At Seminole County-Markham, a combination of degasification and dechlorination did
not prevent the mobilization of arsenic and may not ultimately be successful. Four cycle tests
using degasification at Sanford resulted in decreasing arsenic in the recovered water from the
ASR well although it was still slightly greater than 10 pg/L. Sanford will continue with
operations under a construction permit. At DeLand, sodium hydrosulfide was the method of
decreasing dissolved oxygen in the injected water. Although all recovered water met the arsenic
MCL, the project is idle due to operational difficulties and the additional expense of
pretreatment.

Consistent Operation: City of Tampa-Rome Ave.

This is a potable water facility with 8 ASR wells cycle testing at a rate of 1| MGD each. Similar
volumes of water were recharged and recovered over a testing period spanning eleven cycles.
This consistent operation of the facility resulted in a steady decrease in arsenic concentration
with time, but the concentration remains slightly greater than 10 pg/L with no significant
improvement over the past several cycles. The maintenance of the long-term stored volume
ensures that arsenic mobilization does not occur in areas unaffected by past operations.

Point of Delivery Treatment: Peace River

Peace River is a potable facility where arsenic is greater than 10 pg/L and occasionally greater
than 50 ng/L. Recovered water is blended with surface reservoir water and then sent to the water
treatment plant for full treatment. This process reduces arsenic to less than 10 pg/L at all times
prior to distribution.

Property Ownership: Orange County

Potable water is stored by Orange County on a county-owned property which is large enough to
prevent arsenic mobilization from occurring off-site. Although cycle testing resulted in arsenic
greater than 10 pug/L at the ASR well, there were sporadic exceedances at a monitoring well 100
feet from the ASR well and no exceedances at a monitoring well 500 feet from the ASR well.
The 500-foot monitoring well is near the property boundary, demonstrating arsenic mobilization
is not occurring off-site.

Institutional Control: Tampa-Rome Ave., Destin Water Users, City of Rockledge



These three ASR facilities are operated within local ordinance areas where the construction of
wells for drinking water and the use of ASR aquifer ground water for drinking is prohibited.

This provides additional assurance that other users of ground water will not have access to ASR
zone water. In the case of Tampa, the City provided free connections to municipal drinking water
so that individual wells would not be used for this purpose.

Full Recovery of Injected Water: Kissimmee River and City of North Port

Three cycles were performed with surface water from the Kissimmee River. At 5 MGD it is the
largest active single well ASR project in Florida. Each cycle generated arsenic greater than 10
ug/L in the ASR and monitoring wells, including a monitoring well 1100 feet distant from the
ASR well. However, when the full injected volume was recovered for each cycle, arsenic
decreased to less than 10 pg/L in each well. The City of North Port conducted cycle testing with
surface water which led to some of the highest arsenic concentrations observed in Florida
(greater than 100 pg/L). Full recovery of water and sampling over a several year period verified
that the arsenic had decreased to less than 10 pg/L. While full recovery of injected water is not
the long-term goal of ASR operators, these facilities demonstrate that full recovery is a tool that
can be used to mitigate high arsenic concentrations due to ASR operations.

Conclusion/Recommendation

Florida believes that ASR and AR are not waste disposal practices but are “beneficial uses” of
water that reduce the demand on freshwater aquifers, conserving the ground water in these
aquifers for future use. Florida employs many tools to address any potential exceedances of the
arsenic MCL associated with ASR and AR to protect USDWs and public health. Also, Florida
believes it should continue to use the tools that have been working to prevent human
consumption of affected ground water.
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‘E? CERP ASR Project at Kissimmee
p— Haberfeld, Joe to: Fred McManus 11/20/2012 11:21 AM
1 attachment

Mirecki_etal_2012_GW.pdf

Ered,

| attached a recent paper by June Mirecki of the US Army Corps of
Engineers on the Kissimmee site. Page 8 has graphs of arsenle for the
ASR wall and 2 closest moniter wells (350 and 1100 feet from the ASR
well). | mis-spoke yesterday on this slte. The moniter wells decreased in
peak elevations of arsenic since eycle 1, but still showed Increases over
10 ug/L for cycles 2 and 3. These oceur during recharge and storage;
the levels decrease to < 10 ug/L with recovery. However, | did
remember the ASR well correctly, as It is virtually 100% compliant In
cycles 2 and 3. Table 1 shows they recovered the same or greater
volume of Injected water, showing the arsenic levels can be brought
down with continued pumpling. This is a safegauard for any project
which would warrant this actlon.

The geochemistry of this site is probably different from the non-CERP
projacts. This Is by far the most closely studied site from that
perspactive because of the quality of data and the expertise of the
author,

loe

Please take a few minutes to share your comments on the service you
received from the department by clicking on this link. DEP Customer
Burvey.

From: Mcmanus.Fred@epamail.epa.gov [

mailto:Mcmanus. Fred@epamail.epa.gov]

Sent: Tuesday, November 20, 2012 10:56 AM

To: Haberfeld, Joe

Subject: CERP ASR Project at Kissimmee

Hi Joe:

Good job on the conference call yesterday! During the call, you
mentioned the U.S. Army COE's CERP ASR project near Kissimmes, FL
and the fact that the elevated As plume during the first cycle was



detected at the monitoring well about 1,000 feet from the injection well;
however, during subsequent cycles, the elevated As plume was not
detected at the monitoring well about 1.000 feet from the injection well.
Are the data on the Kissimmee ASR project available online? If not,

could you email the data to me?

Thanks Joe and | hope you have a safe and wonderful Thanksgiving,

Fred

"Message from "Mirecki, Jun@ E 8AJ =====

June,E Mirecki@usaca.army.mil> on Fri, 2 Nov 2012 10:06:01

o, Robert" <bverras@sfwmd.gov>, "Nevulis, Richard" <rnevul@sfwmd.gov>, "Don.Ellison@swiwmd.state.fl.us"
fwmd.state.fl.us>, "mark.barcelo@watermatters.org” <mark.barcelo@watermatters.org>, "Kwiatkowski, Peter>
nd.gov>, "Muniz, Albert" <amuniz@hazenandsawyer.com>, "Farkas, Tom A" <Tom.Farkas@atkinsglobal.com>
therby <Michael.Weatherby@us.mwhglobal.com>, "Micheau, Michael D" <Michael.Micheau@atkinsglobal.com
DCH2M.com" <Bryan.McDonald@CH2M.com=>, Mike Waldron <michael.waldron@cardno.com>, Mark Pearce"
dno.com>, John Jansen <john.jansen@cardno.com>, "Martin, W. Kirk" <MartinWK@cdmsmith.com>, Edward>
rd.Rectenwald@us.mwhglobal.com>, "WisemanL@cdmsmith.com" <WisemanL@cdmsmith.com>, Jason Mills
flillsJM @cdmsmith.com=>, "PooleBR@cdmsmith.com” <PooleBR@cdmsmith.com>, "Pete.Larkin@CH2M.com>
M.com>, Mark McNeal <mmcneal@asrus.net>, George Ajy <George. Ajy@r2tinc.com>, "Thomas M. Missimer>
ner@kaust.edu.sa>, "Leonard, Wendy C (Miami)" <Wendy.Leonard@amec.com>, “Clark, Brian J (West Palm>
Beach)" <brian.j.clark@amec.com>, "abiddlecomb@bcieng.com" <abiddlecomb@bcieng.com>, David Pyne
:ms.ws>, "Arthur, Jonathan" <Jonathan.Arthur@dep.state.fl.us>, "May, Joseph" <Joseph.May@dep.state.fl.us>
er, George" <George.Heuler@dep.state.fl.us>, "Haberfeld, Joe" <Joe.Haberfeld@dep.state.fl.us>, Paul Petrey"
dvapplieddrillingengineering.com>, "Hansard, Paul (Stuart)" <Paul.Hansard@dep.state.fl.us>, "Fischler, Cindy>
idy.Fischler@dep.state.fl.us>, "Brown, Christopher” <christopher.j.brown@unf.edu>, "Kennedy, Gordon {SKM>
"GKennedy@dglobalskm.com=>, Brian Bames <brian.barnes@cardno.com>, "Logan, Will IWR>
n@usace.army.mil>, "aaikens@ch2m.com" <aaikens@ch2m.com>, "rsreese@usgs.gov" <rsreese@usgs.gov>
" <Michael.Bennett@aecom.com=, "Lopez, Marie C SAJ" <Marie.C.Lopez@usace.army.mil>, "Mirecki, June E"
<SAJ" <June.E.Mirecki@usace.army.mil °

> Control During Aquifer Storage Recovery Cycle Tests in the Floridan Aquifer” just published in Ground Water" |
Colleagues,

| am happy to report that our work on arsenic attenuation at the Kissimmee River ASR system has
published in Ground Water. |am not sure what issue the hard copy will appear in, so | don't have

-0400>

sIz=z

‘To

‘cc
Subject

been
the

formal citation yet. Attached is the “Early view" publication from the NGWA web site, where it appeared
on 25 October 2012. Many of you have contributed to this successes at Kissimmee River ASR system

through well construction, operations, and data acquisition, and for this | am thankful.
If you have any questions, just feel free to ask. Please forward this to anyone | may have missed.

June



Arsenic Control During Aquifer Storage Recovery
Cycle Tests in the Floridan Aquifer

by June E. Mirecki', Michael W. Bennett?, and Marie C. Lopez-Baldez3

Abstract

Implementation of aquifer storage recovery (ASR) for water resource management in Florida is impeded
by arsenic mobilization. Arsenic, released by pyrite oxidation during the recharge phase, sometimes results in
groundwater concentrations that exceed the 10 pg/L criterion defined in the Safe Drinking Water Act. ASR was
proposed as a major storage component for the Comprehensive Everglades Restoration Plan (CERP), in which
excess surface water is stored during the wet season, and then distributed during the dry season for ecosystem
restoration. To evaluate ASR sysiem performance for CERP goals, three cycle tests were conducted, with extensive
water-quality monitoring in the Upper Floridan Aquifer (UFA) at the Kissimmee River ASR (KRASR) pilot system.
During each cycle test, redox evolution from sub-oxic to sulfate-reducing conditions occurs in the UFA storage
zone, as indicated by decreasing Fe?*/H;S mass ratios. Arsenic, released by pyrite oxidation during recharge, is
sequestered during storage and recovery by co-precipitation with iron sulfide. Mineral saturation indices indicate
that amorphous iron oxide (a sorption surface for arsenic) is stable only during oxic and sub-oxic conditions of
the recharge phase, but iron sulfide (which co-precipitates arsenic) is stable during the sulfate-reducing conditions
of the storage and recovery phases. Resultant arsenic concentrations in recovered water are below the 10 pg/L
regulatory criterion during cycle tests 2 and 3. The arsenic sequestration process is appropriate for other ASR

systems that recharge treated surface water into a sulfate-reducing aquifer,

Introduction

Aquifer storage recovery (ASR) systems are impor-
tant components of water resource management plans
for regions that have appropriate subsurface permeabil-
ity (Bloetscher et al. 2005; Dillon et al. 2005; Pyne
2005; National Academy of Sciences 2008; Maliva and
Missimer 2010). In Florida, permitted ASR systems store
treated surface (potable) water (Reese 2002; Mirecki
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2004; Reese and Alvarez-Zarikian 2007) or reclaimed
water (Clinton 2007) in the Floridan Aquifer during the
wet season, for distribution back to surface water in
the dry season. ASR serves as the largest component of
new storage in the Comprehensive Everglades Restora-
tion Plan (CERP; National Academy of Sciences 2001,
2002}, Regional implementation of CERP ASR could cap-
ture approximately 1.6 billion gal/d (6056 megaliters/d) of
surface water currently lost to tide directly through the St.
Lucie Canal and Caloosahatchee River.

Arsenic mobilization during ASR cycle testing
presents a significant challenge to expanded use of potable
and reclaimed water ASR in Florida. The source and
mechanism of arsenic mobilization during cycle testing
in carbonate aquifers are well known through controlled
laboratory leaching and column experiments (Fischler and
Arthur 2010; Onstott et al. 2011), mineralogical character-
ization of aquifer matrix (Price and Pichler 2006; Pichler
et al. 2011), and modeling studies (Mirecki 2006; Jones
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and Pichler 2007) at Floridan Aquifer ASR systems, and
also from extensive field studies at Australian reclaimed
water ASR systems (Herczeg et al. 2004; Daillon et al.
2005, 2008; Vanderzalm et al. 2010, 2011). Arsenic is
released during oxidation of pyrite by dissolved oxy-
gen as recharge water flows through permeable zones in
the carbonate aquifer (Jones and Pichler 2007; Fischler
and Arthur 2010). Resultant arsenic concentrations mea-
sured in groundwater during ASR cycle testing can
exceed the Federal and state maximum contaminant level
{10 pg/L). Once released into the aquifer, arsenic can:
(1) be sequestered by sorption to iron oxyhydroxide
phases that are stable under oxic or sub-oxic aquifer
redox conditions (Vanderzalm et al. 2011); or (2) be trans-
ported as the dissolved complex arsenate (AsV) or arsenite
{AsIIT) under oxic to sub-oxic, iron-poor conditions {(e.g.
Héhn et al. 2006); or (3) co-precipitale as an iron sul-
fide phase under sulfate-reducing, iron-rich conditions.
The third condition has not been documented at any ASR
system, and has important implications for arsenic atten-
vation and also regulatory compliance during ASR cycle
tests in the Floridan Aquifer.

Characterization and controls on arsenic transport
and fate during ASR cycle testing have been impeded
in the United States by the lack of extensive sampling.
Most ASR system investigations are performed by
water utilities at potable water ASR sysiems (Florida
Department of Environmental Protection [FDEP] 2007).
Water-quality datasets at utility ASR systems usually
are limited to analyies required for permit compliance
rather than geochemical characterization. Consequently,
little is known of the magnitude and duration of arsenic
mobilization, and factors that control arsenic transport and
fate in the Floridan Aquifer. Without better assurance that
ASR systems can perform in regulatory compliance, the
future of ASR implementation is uncertain.

The overall objective of CERP ASR pilot system
operations is to evaluate ASR feasibility at representative
locations in south Florida. ASR feasibility is demonstrated
by several factors including: (1) percent recovery of
recharged surface water; (2) regulatory compliance with
all state and Federal water-quality criteria; and (3) cost-
effective subsurface storage. At the Kissimmee River
ASR (KRASR) pilot system, three cycle tests have
been completed with a groundwater monitoring program
objective to evaluate water-quality changes.

Arsenic mobilization and subsequent attenuation are
shown during three successive cycle tests at KRASR. In
this report, the geochemical controls on arsenic transport
and fate during ASR cycle testing in the Upper Flori-
dan Aquifer (UFA) are defined. Qur hypethesis is that
arsenic, released by oxidation of pyrite during early por-
tions of the recharge phase, is subsequently attenuated by
co-precipitation in a stable iron sulfide phase during late
recharge, storage, and recovery. The native UFA sulfate-
reducing redox condition is disrupted only temporarily by
dissolved oxygen introduced during recharge. Addition
of dissolved (probably colloidal) iron and organic car-
bon in recharge (surface) water, mixing with sulfate-rich
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groundwater, provides abundant electron acceptors to
re-establish microbe-mediated suvlfate reduction, iron sul-
fide precipitation, and consequently arsenic attenuation.
The result is that arsenic concentrations are nearly always
below10 pg/L in all well samples cellected weekly dur-
ing the storage and recovery phases of successive cycles
at KRASR,

Hydrogeologic Setting

At KRASR, the artesian UFA occurs within a thick
sequence of interlayered marine calcareous and dolomitic
limestones of Eocene and Oligocene age (Figure 1), and
serves as the storage zone for ASR cycle tesis. The
UFA is confined by the overlying Intermediate Confining
Unit, which consists of approximately 400 feet (122 m)
of Hawthomn Group interlayered clays, silts, and fine
sands (Scott 1988). Lower confinement of the UFA is
provided by the Middle Confining Unit, which consists
of 400 to 500 feet {122 to 152 m) of dolomitic limestone,
dolomite, and dolostone (Reese and Richardson 2008).
Hydrostratigraphic and lithostratigraphic characteristics
are defined using geophysical logs, lithologic descriptions,
and limited coring during construction of the ASR and
monitoring wells (CH>MHill 2004; Golder Associates
2007; Entrix 2010).

Water is stored in the UFA at depths between —543
and —856 feet (—166 and —261 meters, m) below the
National Geodetic Vertical Datum of 1929 (NGVD29).
However, permeability is not uniform with depth in the
storage zone. Water will flow preferentially through zones
of higher permeability that develop at or near uncon-
formable formation contacts, and to a lesser extent, bed-
ding planes. Permeability in the UFA is interpreted from
geophysical fogs in boreholes for the ASR and all storage
zone monitor wells (SZMWs), and aquifer performance
testing during construction of the ASR well. Static and
dynamic flow logs were corrected for variations in bore-
hole diameter from caliper logs, and interpreted to quan-
tify the percent contribution of individual zones to total
flow in the borehole that became the ASR well. Geo-
physical fiow log interpretations indicate that 80% of flow
occurs at the top of the storage zone, at depths between
—546 and —609 feet (—166 and —186 m) NGVD29
(Figure 1). This preferential flow zone is consistent with
an unconformable contact between the Arcadia Formation
(lower part of the Hawthorn Group) sediments and the
Ocala Limestone, and has been observed at a similar depth
in all KRASR SZMWs, and commonly in UFA boreholes
surrounding Lake Okeechobee (Reese and Richardson
2008). A smaller component of flow (12%) occurs below
the base of the storage zone between —880 and —930 feet
NGVD29. This preferential flow zone may occur near the
formation contact between the Ocala Limestone and Avon
Park Formation. An aquifer performance test of the entire
storage interval at the ASR borehole resulted in a trans-
missivity value of 36,765 ft>/d (CH:MHill 2004).

A chloride-based conservative mixing model con-
firms extensive transport of recharge water along this

NGWA.org
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Figure 1, Hydrogeologic cross-section and plan view of the Kissimmee River ASR system. SZMW, storage zone monitor well;
T, transmissivity. The 1100 feet SZMW is a dual zone well, but only upper zone sample data are presented. Horizontal axis
in cross-section is not to scale. All distances are relative to the ASR well, Length conversions are: 350 feet (107 m); 1100 feet

{335 m); 2350 feet (716 m); 4200 feet (1280 m).

upper preferential flow zone to the 1100 feet SZMW
(Figure 2). Mixing fractions were calculated following the
method of Herczeg et al. (2004) to show how the per-
centage of recharge water component changes throughout
cycles 2 and 3 (Table S1, Supporting Information). After
1 or 2 months of recharge during cycles 2 and 3 (respec-
tively), samples from the 1100 feet (335 m) SZMW
consist of 90% or greater recharge water. This monitor
well has a short open-interval (=544 to —583 feet; 166
to 178 m NGVD29) that intersects the preferential flow
zone of the UFA, Interpretations of geophysical flow logs
and the conservative mixing model support a2 conceptual
hydrogeologic model in which most of the groundwater
flow occurs in the a preferential flow zone of the upper-
most UFA acress the ASR wellfield.

The Kissimmee River ASR System and Cycle
Testing History

The KRASR system is located on the eastern bank
of the Kissimmee River near its confluence with Lake
Okeechobee, Florida (Figure 1). The ASR system was
designed for minimal pre-treatment of Kissimmee River
source water prior to recharge into the UFA storage zone.
Pre-treatment consists of pressurized media filtration and
ultraviolet disinfection at a recharge rate of 5 million gal/d
(MGD; 18.9 megaliters/d, MLD).

Groundwater is recovered at a rate of 5 MGD,
with diversion of the first 0.3 million gallons (MG; 1.1
megaliters, ML) of turbid water to on-site storage ponds.
When turbidity, pH, and specific conductance criteria
are achieved, recovered water is re-oxygenated over a
cascade aerator and returned to the Kissimmee River.

NGWA.org
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Figure 2. Conservative chloride mixing model for cycle tests
2 and 3 at the 1100 feet SZMW. Data are shown in Table S1.

More detailed information about system design and oper-
ation are found at US Army Corps of Engineers (USACE
2004, 2012).

Each ASR cycle test consists of recharge, storage,
and recovery phases. Three cycle tests were completed at
KRASR between 2009 and 2011 (Table 1). Each succes-
sive cycle test increased in duration and volume stored.
Recovery exceeded 100% of the recharged volume dur-
ing cycle 1 so that aquifer arsenic concentrations were
returned to initial values (below 10 pg/L) prior to cycle
2. Interpretations are based primarily on data acquired dur-
ing cycles 2 and 3 because these cycles represent intended
ASR system operations.

Data Collection Effort

A single ASR well is surrounded by four SZMWs
(Figure 1), designated by their lateral distances from the
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Table 1
Recharge, Storage, and Recovery Pumping Rate, Durations, and Volumes During KRASR Cycle Tests
Avg. Pumping Volume, in MG (ML) Percent
No. of Rate, in MGD Yolume
Phase Start Daie End Date Days (MLD) Recharge Recovery Recovered
Cycle 1
Recharge January 12, 2009  February 9, 2009 28 4.7 (17.8) 128.5 (486.4) —_ —
Storage February 9, 2009 March 9, 2009 28 — _— —_ —_—
Recovery March 9, 2009 April 17, 2009 39 4.8 (18.2) —_ 183.8 (695.7) 143%
Cycle 2
Recharge May 11, 2009 August 28, 2009 109 3.8 (14.4) 33423 (127 — —
Storage August 28, 2009 October 28, 2009 61 - — —_ —_
Recovery October 28, 2009 January 2, 2010 66 4.0 (15.1) —_ 331.5 (1255) 50%:
Cycle 3
Recharge January 19, 2010 July 9, 2010 171 4.9 (18.5) 793.1 (3002) —_ —_
Storage July 9, 2010 January 4, 2011 178 — - — —
Recovery January 4, 2011 June 17, 2011 164 498 (18.9) — B805.5 (3049) 1025

ASR well: 350 feet (107 m), 1100 feet (335 m), 2350 feet
(716 m), and 4200 feet (1,280 m). Each monitor well has
an open interval identical to that of the ASR well, between
—543 and —856 feet (—166 and —261 m) NGVD29. Two
SZMWs located farthest from the ASR well were con-
structed during cycle 2, so data were obtained at these
distal wells only during cycle 3. All wells were sam-
pled weekly at the wellhead for field parameters, major
and trace inorganic constituents, nutrients, and microbes
for the entire testing duration, using standard methods
for groundwater sampling, laboratory analyses, and qual-
ity control (FDEP 2008). All analyses were performed
at laboratories certified by the National Environmental
Laboratory Accreditation Program. In addition to well-
head samples, the 350 feet SZMW is instrumented with
a SeaCat 19plusV2Profiler, (Sea-Bird Electronics Inc.,
Bellevue, Washington), which is suspended downhole in
the UFA preferential flow zone at —588 feet (—186 m)
NGVD29, The SeaCat 19plusV2Profiler provided hourly
in-situ measurements of pH, temperature, specific con-
ductance, dissolved oxygen (DO), oxidation—reduction
potential (ORP), and pressure through each cycle test.
Because DO is the primary electron acceptor during pyrite
oxidation, in-situ DO measurements at a location 350 feet
away from the ASR well are particularly important to
quantify proximal redox conditions in the storage zone.
The SeaCat Profiler measures DO using a Clark polaro-
graphic membrane with a gold cathode, which is more
stable and is not affected by dissolved hydrogen sulfide
compared to sensors with a silver cathode (Sea-Bird Elec-
tronics Inc. 2012). The SeaCat Profiler was installed on
January 25, 2009 (cycle 1 recharge), and checked dur-
ing monthly data downloads. The DO sensor began to
fail sometime during August 2009, so Cycle 2 DO values
are not presented. Power supply issues caused interrup-
tion to the continuous record from this probe between
30 March and 22 August 2010. The SeaCat Profiler was
recalibrated at the manufacturer between 13 February and
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30 March 2010 (cycle 2) and between 1 June and 9 July
2011 (cycle 3).

Source Water and Native Floridan Aquifer Water Quality

The Kissimmee River is the source of recharge
water, and water-quality data reflect dry and wet season
conditions through the cycle tests (Table 2). Recharge
water quality is characterized using samples from the
ASR wellhead during the recharge phase of all cycle tests.
Recharge water is oxic, and has neutral pH, low carbonate
alkalinity, low total dissolved solids (TDS) concentrations,
and relatively high concentrations of total and dissolved
organic carbon, iron, phosphorus, and color; and low to
non-detectable concentrations of nitrate and manganese
(Table 2).

The native UFA at this location is relatively fresh
as indicated by low chloride and TDS concentrations
and specific conductance values (Table 2), Native UFA
groundwater at KRASR is characterized as sulfate-
reducing and has slightly alkaline pH, moderate carbonate
alkalinity and sulfaie concentrations, and low concen-
trations of metals including iron. Arsenic concentrations
generally are less than 3 png/L.

Geochemical Calculations

Geochemical characterization was performed using
public domain codes developed by the U.S. Geological
Survey. The aquifer redox condition was evaluated
using the Redox Processes Workbook by Jurgens et al,
(2009). Mineral saturation indices and charge balance
errors for each complete water quality analysis was
performed using PHREEQC, version 2.17 with the
Wateq4f database (Parkhurst and Appelo 1999), with
data entry facilitated with the Excel interface NetpathXL
(Parkhurst and Charlton 2008). The choice of controlling
redox couple in PHREEQC will determine mineral
stabilities. In each water sample, if DO concentration
is greater than 0.05 mg/L (the field detection limit), the
dissolved oxygen (O~2/0% couple is used; if DO is below
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Table 2
Recharge Water Quality and Native Floridan Aquifer Water Quality
Recharge Water Quality Native UFA Water Quality at KRASR
ASR 1100 feet 2350 feet 4200 feet

Constituent or Parameter Unit Mean 8td Dev Median N WELL SZMW  SZMW  SZMW
Temperature °C 253 6.0 283 46 255 25.2 24.3 24.9
Specific conductance uSicm 227 46 204 46 1347 1300 083 1404
pH std. units 6.7 04 6.6 46 7.80 7.97 7.95 8.05
Oxidation—reduction potential mV 130 59 114 46 —283 —-179 =430 =249
Dissolved oxygen mg/L 45 25 35 46 03 0.02 052 0.82
Color PCU 91 32 90 44 ] 10 —_ —_
Calcium mg/L 19.2 49 17.0 44 51.5 47 28 27
Magnesium mg/L 4.8 0.9 4.7 44 38.7 33 30 33
Sodium mg/L 16.1 3.8 14.0 45 152 150 59 110
Potassium mg/L 4.0 0.6 4.1 44 8.3 72 4.7 8.3
Sulfate mg/L 15.6 6.5 14.0 45 198 150 170 200
Sulfide mg/L 0.1 0.3 0.01 44, 08 <1.0 1.1 1.2
Chloride mg/L 31.1 15 28.0 45 242 260 140 160
Total alkalinity as CaCO; mg/L 50 51 36 45 91 84 80 87
Dissolved organic carbon mg/L 15.3 1.5 15.5 14 — 1.2 e _
Total organic carbon mg/L 16.3 1.0 17.0 13 <1.0 1.3 — —
Arsenic ug/L 0.9 0.5 0.8 45 <26 1.6 0.81 1.2
Iron pe/L 226 68 230 45 28 65 23 <24
Manganese pe/L 45 2.8 36 45 <3.8 4.3 1.1 0.57
Nitrate mg/lk 0142  0.101 a100 29 0.100 <(0.025 <0.003 <0.003
Phosphorus pe/L 64 32 54 43 0.010 <(0.008 — -
Note: Concentrations reporied as “less than”™ are below the method detection limit. Recharpe water data are measured at the ASR wellhead, Native UFA date are
from single samples obtained prior (o cycle testing. N is number of samples.

detection, the sulfur {S2/5+5) couple is used for Eh
calculations,

Results

Redox Environment of the Native Floridan Aquifer
System

The sulfate-reducing redox environment is the native
condition of the KRASR storage zone as interpreted
from groundwater redox couple concentrations. Chapelle
et al. (2009) proposed geochemical criteria to distinguish
iron-reducing from sulfate-reducing conditions in ground-
water using the Fe?*/H,S mass ratio, when dissclved
oxygen, nitrate, and manganese are absent. The native
redox environment in the UFA storage zone at KRASR
is sulfate-reducing on the following bases: (1) that low
to non-detectable concentrations of dissolved oxygen,
nitrate, and manganese species do not contribute signifi-
cantly to redox condition; and {2} that the Fe?*/H,S mass
ratio in native UFA samples collected at the KRASR sys-
tem is <0.3 (Table 3).

Redox Evolution During ASR Cycle Tests

Redox evolution in the UFA during cycle testing
is defined in space and time. The spatial component is
defined by reactions along the flowpath from the point of
recharge (ASR well) to the 350 feet SZMW and the 1100
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feet SZMW. No water-quality changes were detected at
distal SZMWs (2350 and 4200 feet; Tables 83 and S4)
during cycles 2 and 3, so data from these SZMWs serve as
background (Table 3). The temporal component is defined
through time-series presentation of groundwater data at
a single monitor well through recharge, storage, and
recovery phases during cycle tests 2 and 3. Interpretations
will show redox evolution in both space and time.

Redox evolution in the UFA during cycle tests 2 and
3 is interpreted similarly to that of the native UFA, using
(1) Fe?*/H3S mass ratios from ASR well and SZMW
samples (Figure 3); and (2) wellhead and SeaCat Profiler
measurements of DO and ORP at depth in the 350 feet
SZMW (Figure 4).

The recharge phase of an ASR cycle test introduces
DO, organic carbon, and ferric iron into the UFA,
which shows low native concentrations of these solutes
(Table 2). Source water (Kissimmee River, as measured
during recharge at the ASR well} concentrations of redox-
sensitive species vary seasonally: DO ranges from 1.6
to 8.8 mg/l; organic carbon ranges from 12 to 18 mg/L;
and total iron ranges from 0.060 to 0.360 mg/L (Table 2;
Tables S2 through §4). Ferric iron probably is complexed
to organic carbon in source water rather than as a
particulate phase, as recharge water is highly colored and
shows total suspended solids concentrations typically less
than the detection limit at 5.0 mg/L. ASR well clogging
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Table 3
Characterization of Sulfate-Reducing Redox Environment in the Native UFA (mg/L)

Well ORP Nitrate Manganese Iron Sulfate Sulfide Fe!*/HaS  Arsenic Location
Chapelle et al. (2009} _— <0.5 =0.05 =0.1 =050 —_ =0.30 0.010%
criteria -
ASR Well (May 5, 2004} —283 0.10 =0,0038 0028 200 0.8 0.035 <0026 KRASR
2350 feet SZMW —-430 <0.0030 0.0011 0028 170 1.1 0.025 0.0008 KRASR
(January 6, 2010)
4200 feet SZMW =249 <0.0030 =0.001 0024 200 1.2 0.020 0.0012 KRASR
(January 6, 2010)

OKF-101 (November 18, —146 <0.015 0.0025 0060 230 1.8 0.033 0.0047 5 mi. east of
20109 KRASR
HIF-42 {April 4, 2008)° — 0.11 0.0024 0036 200 0.38 0.095 <0005 5 mi. north of

KRASR

iCriterion for sulfate-reducing redox environment, All values are in mg/L.

2 Arsenic criterion fs the Maximum Contaminant Level from the Safe Drinking Water Act.
*Nearby background UFA monitor wells of the South Florida Water Management District.
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Figure 3. Redox evolution of the ASR storage zone (upper
FAS) during cycle tests 2(A) and 3(B) as shown by Fe**/H,S
values as indicators of redox environment. SZMW, storage
zone monitor well, Data are shown in Tables S3 and 54.

from mineral precipitation was not observed during three
cycle tests. Recharge water also dilutes and displaces
native UFA sulfate concentrations (Table 2).
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During cycles 2 and 3 recharge, SZMW samples show
Fe’*/H,S values greater than 0.3 (Figure 3A and 3B)
indicating that the aquifer redox environment is sub-oxic,
and is characterized by both ferric iron- and sulfate-
reduction reactions. These reactions likely are coupled
to oxidation of organic carbon by native and recharge
water microbes (Vanderzalm et al. 2006), Native sulfate-
reducing conditions in the storage zone are perturbed
temporarily, resulting from iron, organic carbon, and
DO transport through a sulfate-reducing UFA redox
environment. Farther from the ASR well at both 350 and
1100 feet SZMWs, Fe?t/H,S values decrease, indicating
that mixed ferric iron- and sulfate-reduction redox couples
dominate as DO is depleted along the flowpath.

SeaCat Profiler data and wellhead sample data
from the 350 feet SZMW show redox evolution in the
UFA at a proximal position away from the ASR well
(Figure 4A and 4B). In particular, these data quantify DO
transport and fate during recharge because the SeaCat
Profiler is deployed directly in the upper preferential
flow zone of the UFA at —588 feet NGVD29. Pyrite
oxidation will continue as long, and as far away from
the ASR well, as DO persists. As recharge water flows
away from the ASR well, DO concentrations diminish
from a range of 2 to 8 mg/L at the ASR welthead, to
0.01 to 1.5 mg/L at the 350 feet SZMW, and <0.25 mg/L
at the 1100 feet SZMW (Tables S3 and S4). DO and
positive ORP values are detected in 350 feet SZMW
wellhead samples approximately 2 weeks after the onset
of recharge in cycles 1 and 3, resulting in an apparent
horizontal flow velocity of 25 fi/d to the east. During
later recharge, DO concentrations and ORP values in
all SZMW wellhead samples decrease to <0.06 mg/L
and =—100 mV respectively., Iren and organic carbon
concentrations also decline along the flowpath during
recharge (Tables 583 and $4).

SeaCat Profiler and wellhead sample data obtained
during cycle 1 at the 350 feet SZMW show that
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Figure 4. Dissolved oxygen (A) and ORP values (B) mea-
sured during cycle test 1 by the SeaCat Profiler suspended
in the 350 feet SZMW at —588 feet (—186 m) NGVD29.
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perturbation of the aquifer redox environment dur-
ing recharge is temporary (Figure 4). During recharge,
DO is detected in-situ at higher concentrations (~1.5
to 2.5 mg/L}) compared to wellhead samples {0.01 to
1.5 mg/L). Upwelling of deeper, low DO water during
well purging and sampling results in lower wellhead DO
concentrations (Figure 4). Similarly, SeaCat Profiler ORP
values also are slightly more positive than wellhead val-
ues, SeaCat Profiler data clearly show the rapid decay of
DO at a single location once recharge ends. DO declines
from an average concentration of 1.6 mg/L (n = 384
readings) during cycle 1 recharge, to below detection
(0.05 mg/L) within 5 d. A conservative half-life (¢ ]fl) cal-
culated for DO reduction is 25 h.

A few weeks after initiating cycles 2 and 3 recharge,
redox conditions in the storage zone evolve from sub-
oxic to mixed iron- and sulfate-reducing redox conditions
(Figure 3). Fe*+/H,S values continue to decline below 0.3
at all SZMWSs during Iate recharge and storage of cycles 2
and 3. The native UFA is iron-poor in this area (<24 ng/L;
see 2350 and 4200 feet SZMW *“background” data in
Table S4), so ferric iron reduction does not contribute
significantly to native UFA redox equilibria, Introduction
of iron-rich recharge water into the sulfate-reducing UFA
allows a new redox couple to react in the storage zone,
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During storage and recovery, DO is depleted, and the
aquifer redox environment continues to evolve such that
sulfate reduction becomes the dominant redox reaction.
Fez"'IHZS values decline below 0.3 in all SZMWs, and
equilibrate during the first two months of cycles 2 and 3
storage (Figure 3). SeaCat Profiler ORP values are very
negative (—400 to —500 mV; Figure 4), more so than
wellhead samples (—=280 to =300 mV). This disparity
may result from a pressure effect on dissolved hydrogen
gas equilibrium,

Arsenic Trends During ASR Cycle Tests

Arsenic concentration trends through three cycle tests
show several common characteristics when data from all
wellhead samples are compared (Figure 5). Maximum
arsenic concentrations were measured during cycle 1 in
all wells, when the initial exposure of the aquifer to DO
occurred. Subsequent cycles show arsenic concentration
maxima occurring in SZMW wellhead samples during
recharge or early storage, then declining through late stor-
age and recovery. This pattern reflects reactive transport
(during recharge) and reactions (during storage) of iron
and arsenic as the aquifer redox environment evolves
from a sub-oxic to sulfate-reducing condition. Arsenic
concentration maxima, and concentrations that exceed the
10 pg/L. regulatory criterion, coincide with mixed fer-
ric iron- and sulfate-reduction redox environment in the
UFA (Figure 5 and Tables §3 and 54). The duration that
arsenic exceeds the MCL in the aquifer is approximately
150 d (cycle 2: 3-month recharge, 241-d cycle), and 290
d (cycle 3: 6-month recharge, 513-d cycle), and these
exceedances only occur during recharge and early storape
phases.

Arsenic concentration trends observed during the
static conditions of storage result primarily from geochem-
ical reactions, rather than reactive transport. Declining
arsenic concentrations measured at the 350 and 1100 feet
SZMWs during cycle 3 storage (Figure 5) suggest that
in-situ geochemical reactions are sequestering arsenic in
a solid phase, coincident with sulfate-reducing conditions.
During cycle tests 2 and 3 storage, arsenic concentrations
declined below the 10 pg/L regulatory criterion, prior
to the onset of the recovery phase. Consequently, with
the exception of one sample in cycle 3 (Figure 5A), all
recovered water is in compliance with the Safe Drinking
Water Act arsenic criterion. Arsenic exceedances are tem-
porary in the UFA, occurring only during late recharge
and storage.

The chloride-based conservative mixing model
(Figure 2) supporis the geochemical sequestration inter-
pretation. There is litile to no change in the fraction of
recharge water (>90%) at the 1100 feet SZMW through
cycle test 2 and 3 storage, concurrent with declining
arsenic concentration. Under static (non-pumping) con-
ditions of storage, groundwater flow in the UFA does not
cause significant mixing of native and recharge water over
the durations of cycle tests 2 and 3 (at least in proximal
positions in the wellfield), so that concentration trends are
not affected by advective transport.
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Figure 5. Arsenic concentrations measured in wellhead sam-
ples during cycle tests 1 through 3 at the ASR well (A), the
350 feet SZMW (B), and the 1100 feet SZMW (C).

Discussion

Iron Mineral Stabilities During ASR Cycle Tests

Mineral saturation indices (SI) were calculated for
each wellhead sample collected during cycle tests 2 and
3. Because both cycle tests show identical trends, only SI
values from cycle 3 are presented (Figure 6). Two mineral
phases are considered: amorphous iron oxyhydroxide
(FeOHz(a)), which is stable under oxic and sub-oxic
conditions; and amorphous iron sulfide (FeS), which is
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Figure 6. Mineral saturation indices (SIs) calculated from
wellhead sample data at the 1100 and 2350 feet (backpground)
storage zone monitor wells (SZWMs) during cycle test 3.
Positive SIs indicate that the mineral will precipitate or is
stable in contact with groundwater. Negative SIs indicate
that the mineral will dissolve or is unstable in contact with
groundwater. Data are shown in Table S5.

the initial iron sulfide phase to precipitation under sulfate-
reducing conditions (Schoonen 2004). Mineral stabilities
are interpreted at two locations in the storage zone away
from the ASR well: the 1100 feet SZMW that is affected
by recharge, and the 2350 feet SZMW that represents
native UFA conditions. Saturation indices do not change
throughout the cycle at the 2350 feet SZMW, confirming
that recharge water has not been transported to this distal
location in the UFA. Calculated SI values are tabulated in
Table S5 for all samples.

The recharge portion of a cycle test shows the greatest
change in native mineral stabilities (Figure 6). In the pres-
ence of DO in the storage zone, amorphous iron oxyhy-
droxide is stable as a solid as shown by positive SI values.
Iron sulfide is not stable, as shown by negative SI values.
During late storage and recovery, the UFA redox envi-
ronment shifts from sub-oxic, to mixed iron- and sulfate-
reduction, and ultimately pure sulfate-reducing conditions.
Amorphous iron oxyhydroxide is lost through reductive
dissolution under sulfate-reducing conditions. Negative SI
for values for iron oxyhydroxide appear late in recharge
and continue through the end of the cycle. Simultane-
ously, amerphous iron sulfide SI values become positive,
indicating stability through the end of the cycle, as native
sulfate-reducing redox conditions are re-established.

Arsenic Sequestration During KRASR Cycle Tests

Iron mineral stabilities control the appearance, trans-
port, and fate of arsenic in an aquifer. The testable
hypothesis for arsenic sequestration during KRASR cycle
tests is: if geochemical concentrations and redox con-
ditions that favor precipitation of a stable iron sulfide
phase are established during storage and recovery, then
dissolved arsenic will be sequestered in the iron sul-
fide phases. Arsenic seguestration in iron sulfide phase
is preferable to that of iron oxyhydroxide, because the
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former more closely represents native UFA mineralogy in
which arsenic occurs at concentrations generally <3 pg/L.

During recharge, iron-rich recharge water plus iron
released during pyrite oxidation can precipitate as
amorphous iron oxyhydroxide (Fe(OH);(a)). Iron oxyhy-
droxide is stable under oxic to sub-oxic redox conditions
that characterize the storage zone during early recharge.
Dissolved arsenic is released during pyrite oxidation, and
subsequently can be is sequestered by co-precipitation,
sorption, or complexation to the iron oxyhydroxide sur-
face (Waychunas et al. 1993; Dixit and Hering 2003).
Unfortunately, arsenic sequestration by iron oxyhydrox-
ide surfaces is only temporary, occurring during the oxic
redox conditions of recharge of each cycle test.

During late recharge and early storage, the storage
zone evolves to sub-oxic and mixed ferric iron- and
sulfate-reducing conditions. Iron oxyhydroxide undergoes
reductive dissolution by dissolved sulfide, and sorbed
arsenic is released again into groundwater (O’Day et al.
2004; Poulton et al. 2004; Onstott et al. 2011). Ferrous
iron (Fe?*) is released into groundwater where it is
transported during late recharge along with arsenic. Thus,
in sub-oxic aquifer redox environments, or in the presence
of nitrate (a competing electron acceptor with ferric iron),
arsenic will remain in solution. A sequence of arsenic
sequestration and release under sub-oxic redox conditions
(in the presence of nitrate) was demonstrated during
cycle tests at the Bolivar reclaimed water ASR system
(Vanderzalm et al. 2011).

During storage, sulfate-reducing conditions are re-
established in the UFA storage zone, which favors the
stability of iron sulfide minerals. Sufficient dissolved iron,
sulfide, and the absence of nitrate and manganese are
required for iron sulfide precipitation to preceed (Wilkin
and Bamnes 1997; Butler and Rickard 2000). Concomitant
co-precipitation of arsenic in the new iron sulfide phase
has been documented in other aquifers (Rittle et al. 1995;
Kirk et al. 2004; Root et al. 2009), but has not been
documented at any other ASR system to date.

At KRASR, arsenic sequestration is demonstrated by
the synchronous evolution of sulfate-reducing redox con-
ditions in the storage zone, accompanied by decreasing
arsenic concentrations in all SZMWs during storage and
recovery of cycle tests 2 and 3. As each cycle test proceeds
from recharge to recovery, arsenic concentrations and
Fe2+/H,8 mass ratios decline. The simultaneous decline
in these geochemical characteristics in all SZMW samples
supports the arsenic sequestration hypothesis at KRASR
wellfield.

Conclusions

Arsenic mobilization at Florida ASR systems has
slowed implementation of subsurface storage because
water managers are hesitant to invest in facilities that
may not operate in regulatory compliance. Extensive
water-quality monitoring at the Kissimmee River ASR
system during three cycle tests shows that arsenic mobi-
lization is a temporary process. Arsenic is transported
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primarily when the aquifer redox environment is char-
acterized by sub-oxic or mixed iron- and sulfate-reducing
conditions during recharge, concomitant with Fe?*/H,S
values >0.3. Arsenic concentrations can exceed the Safe
Drinking Water Act regulatory standard (10 pg/L) under
these aquifer redox conditions. As a cycle test proceeds
through storage and recovery phases, the redox environ-
ment of the UFA is re-established as the native, sulfate-
reducing condition (Fe?*/H;S < 0.3) that favors arsenic
sequestration in iron sulfide solids. Amorphous iron sul-
fide mineral stability is indicated by positive mineral sat-
uration indices in SZMWs during storage and recovery.
Co-precipitation of arsenic with iron sulfide in recovered
water during cycles 2 and 3 results in arsenic concentra-
tions that are in compliance with the Safe Drinking Water
Act regulatory standard (<10 pg/L).

The mechanism for arsenic sequestration defined here
is appropriate for ASR systems having the following
characteristics: (1) recharge water that has sufficient
iron and organic carbon to stimulate aquifer microbes;
(2) recharge water that has negligible concentrations of
other electron acceptors (manganese and nitrate) that
inhibit sulfate reduction; and (3) a native sulfate-reducing
aquifer redox environment.
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Here you go Donnie.
Fred
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EPA Region 4 and HQ Video Teleconference with FDEP
Aquifer Storage and Recovery in Florida

November 19, 2012 — 1:00-4:00

Draft Agenda

. Welcome — Jim Giattina/Ann Codrington (10 min)
. Introductions — All (5 min)
. Confirm the Issue/Problem — Mark Thomasson (20 min)

. Review and Discuss ASR Implementation Options that FDEP has Proposed — Mark
Thomasson/All (45 min)

. Review and Discuss Approaches for Future Consideration — Jim Giattina/Ann
Codrington/All (60 min)

. Action Items and Next Steps — Jim Giattina/Ann Codrington/Mark Thomasson/All (30
min) ‘

. Closing Remarks — Jim Giattina/Ann Codrington/Mark Thomasson (10 min)

. Adjourn



n_ e

== = == ===+

B}

E

!

.
P = N = L e
™ 1~ FLn mpums m =
L _ el o
.. i - -
N o i oo
L - = L A U T, s L
B - I
11 map " fm g W e =11 -.-" 1o,
' - m Bl o M
i e el = <1 L e wl - ﬁ.'l'"'#
ni 1 }: iy .wm
. “u -I *“ m ! - 4 T v
v
T (VR g U M=l
Tl . |
[ B | — . e | — -

@



Page 1 of 4

RE: ASR - Reactive Transport Model & Bradenton Degas Pilot Test Results
A McClaugherty, Donnie

to:

Fred McManus

07/16/2012 04:23 PM

Hide Details

From: "McClaugherty, Donnie” <Donnie.McClaugherty@dep.state.fl.us>

To: Fred McManus/R4/USEPA/US@EPA

1 Attachment

bemam 1

image001.gif

Elsa and Joe wauld like to listen in, We are not available en Wednesday from 2:00 te 3:00 and Thursday.
Thanks, Dennie

Please take a few minutes to share your comments on the service you received from the department by clicking
on this link. DEP Customer Survey.

From: Fred McManus [mailto:Mcmanus, Fred@epamall.epa,gov]

Sent: Monday, July 16, 2012 10:07 AM

To: Becky Allenbach
Cc: Stuart Norton; Dr. Mike Annable; McClaugherty, Donnie; Lee Thomas; Nancy Marsh; James Ferreira
Subject: Re: ASR - Reactive Transport Model & Bradenton Degas Pilot Test Results

Hello All:

Let me know about your availability for a conference call on the following dates/times. Based on responses, | will
schedule the call and send an invite with call-in number and conference code. Also, Dr. Norton, please email your
presentation to those listed above.

Tuesday, 7/24 - 1:00-2:00
3:00-4:00

Wednesday, 7/25 - 9:00-10:00

file:///C:/Users/fmcmanus/AppData/Local/Temp/notes142542/~web1482.htm 8/22/2013
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10:00-11:00
2:00-3:00
3:00-4:00

Thursday, 7/26 - 9:00-10:00
10:00-11:00
3.00-4:00

‘Thanks,

Fred

Becky Allenbach-—--07/13/2012 04:17:47 PM—-Can we make this happen the week of July 23rd? Becky B,
Allenbach, Chief

From: Becky Allenbach/R4/USEPA/US

To: Stuant Norton <gluarnononflime coms

Cc: "Dr. Mike Annable”™ <annapiediufiedy>, Donnla MeClayghervi@iden state .us. Fred McManus/R4/USEPA/US@EPA
Date: 07/13/2012 04:17 PM

Subject: Re: ASR - Reactive Transport Model & Bradenton Degas Pilot Test Results

Can we make this happen the week of July 23rd?

Becky B. Allenbach, Chief
Safe Drinking Water Branch
EPA Region 4 - Water Protection Division

(404)562 -9687
Allen

CONFIDENTIAL PREDECISIONAL / DELIBERATIVE PROCESS: Do not release this under FOIA. This message
is intended exclusively for the individual(s) or entity(ies) to which it is addressed. This communication may contain
information that is proprietary, privileged, or confidential or otherwise legally exempt from disclosure.

Stuart Norton --05/31/2012 08:13:056 AM=--Becky, Yes, a teleconference might work best for all. | agree that
it's @ good Idea to invite the f

From: Stuart Norton <ElUAinadeniEme com-
To: Becky Allenbach/R4/USEPA/US@EPA
Ce: Fred McManus/R4/USEPA/US@EPA, | UE, "Dr. Mike Annable” <annablafull edy-
Date: 05/31/2012 08:13 AM

Subject: Re: ASR - Reactive Transport Model & Bradenton Degas Pilot Test Results

file:///C:/Users/fmemanus/AppData/Local/Temp/notes142542/~web1482.htm 8/22/2013
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Becky,

Yes, a teleconference might work best for all. I agree that it's 2 good idea to invite the folks from FDEP.
While the FDEP-UIC folks are familiar with the Bradenton project, I'll be presenting some new material.

Looking at my calendar - I could present the last week of June. I'd then have to skip forward a couple of
weeks, due to project work, to the third or fourth week of July.

Have a great day,

Stuart B. Norton, Ph.D.

UF - Environmental Engineering
Office: (352) 505-1555

Cell: (352) 222-2005

Email: gtuarnerendlime com
On May 29, 2012, at 11:50 AM, Becky Allenbach <Allenbach Becky(@epamail.epa.gov> wrote:

Hi, Stuart

We would be interested in hearing about your work. Did you have a teleconference in mind? Has FL DEP seen the presentation? Perhaps they could
participate as well?

Becky

Becky B Allenbach, Chief

Safe Drinking Water Branch

EPA Repgion 4 - Water Protection Division
(404)562-9687

Allenbach Becky eps goyv

CONFIDENTIAL PREDECISIONAL / DELIBERATIVE PROCESS: Do not release this under FOIA. This message 1s intended exclusively for the
individual(s} or entity{ies) to which it is addressed. This communication may contain informaticn that is proprietary, pvileged, or confidential or
otherwise legally exempt from disclosure

<graycol.gif>

Bluar Norion ==05/35/2012 104349 AM=-Cood morming Beeky, i'd like 10 ehat with you and some of your colleagues regarding our research of

From: Stuart Norton = iF >

To: Becky Allenbach/ iijﬁgﬁﬂﬁﬂ Eg, é..i E

Date: 05/25/2012 10:43 AM

Subject: ASR - Reactive Transport Model & Bradenion Degas Pilot Test Resulis

Good morning Becky, ,
I'd like to chat with you and some of your colleagues regarding our research of ASR. As part of my Ph.D. research
worked with a team of scientist to develop a reactive transport model of the Bradenton Potable ASR facility.
Comparative simulations were run to test techniques for controlling arsenic mobilization during ASR, including
varying pretreatment levels of DO removal and process techniques (i.e., Target Storage Volume technique).

Would your group be interested in a 25-minute presentation covering this topic and the Bradenton Degasification
Pilot project test results? It'd be great to get your feedback as we're looking for some direction to improve our work.

Thanks for your time and have a great holiday,
Stuart B. Norton, Ph.D.

file:///C:/Users/fmcmanus/AppData/Local/Temp/notes142542/~web1482.htm 8/22/2013
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UF - Environmental Engineering
Office: (352) 505-1555
Cell: (352) 222-2005

Email: sluannarton@_me.com

file:///C:/Users/fmcmanus/AppData/Local/Temp/notes142542/~web1482.htm 8/22/2013
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Slide show and agenda

McClaugherty, Donnie

to:

Fred McManus

08/29/2012 03:20 PM

Ce:

"Haberfeld, Joe"

Hide Details

From: "McClaugherty, Donnie” <Donnie.McClaugherty@dep.state.fl.us>

To: Fred McManus/R4/USEPA/US@EPA

Cc: "Haberfeld, Joe" <Joe.Haberfeld@dep.state.fl.us>

History: This message has been replied to and forwarded.

2 Attachments

e 2

Meeting with EPAagenda.docx ASR6overviewcomboepameet83012 dm_jgl 8 27 12.pptx
Hi Fred — attached is the agenda and slide show for tomorrow’s meeting.
Thanks for everything.

Donnie

Please take a few minutes to share your comments on the service you received from the department by clicking

on this link BEP Gustomar Survey

file:///C:/Users/fmcmanus/AppData/Local/Temp/notes142542/~web1299.htm 8/22/2013
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